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QHYHU EHIRUH SRVVLEOH ,Q RUGHU WR DFFRPSOLVK WKLV




DUH D UHODWLYHO\PRGHVWVL]HG FRPPXQLW\ RI ³VXSHU
VFLHQWLVWV´WKDWDUHQRWRQO\OHDGHUVLQWKHLUUHVSHFWLYH
¿HOGV EXW RXWVWDQGLQJ FRPSXWDWLRQDO VFLHQWLVWV DQG




OHYHO RI FRPSXWLQJ H[SHUWLVH LV QRW W\SLFDO RIPDQ\
VFLHQWLVWV DQG HQJLQHHUV LQ RXU FRXQWU\$ UHQHZHG






$V WKH QDWLRQ SUHSDUHV IRU WKH 7HUD*ULG ³H;WUHPH
'LJLWDO´IXWXUHHVWDEOLVKLQJDQLQGHSHQGHQWXQELDVHG
QDWLRQDO VRIWZDUH RYHUVLJKW FRPPLWWHH IRFXVHG RQ
PHHWLQJWKHUHTXLUHPHQWVRIDPXFKEURDGHUQDWLRQDO
VFLHQFHFRPPXQLW\FRXOGUHYLWDOL]HWKHQDWLRQ¶VLQWHU
HVW LQ FRPSXWDWLRQDO VFLHQFH DQG HQDEOH UHVHDUFKHUV
















6XSSRUW 	0DLQWHQDQFH &RVWV %RWK FRPPHUFLDO
DQG2SHQ6RXUFH6RIWZDUH266VROXWLRQVKDYHRQ
JRLQJVRIWZDUHDQGPDLQWHQDQFHFRVWV5HO\LQJRQWKH
7HUD*ULG FRPPXQLW\ WRSURYLGH VXSSRUW IRU VSHFLDO
L]HG SDFNDJHV KDV VLJQL¿FDQW VWDI¿QJ LPSOLFDWLRQV
5HO\LQJ RQ WKH FRPPXQLW\ IRU VXSSRUW DQGPDLQWH
QDQFHFDQSURGXFHPL[HG UHVXOWV LQ WHUPVRI WLPHOL
QHVVTXDOLW\DQGVXVWDLQDELOLW\
'HYHORSPHQW &RVWV )XQGLQJ WKH GHYHORSPHQW RI
VRIWZDUHLVH[SHQVLYHLQWHUPVRIGLUHFWFRVWRUVWDII
WLPH DQG RIWHQ IUDXJKW ZLWK ULVN :KHQ IXQGV DUH
DZDUGHGIRUWKHLQVWDOODWLRQRIDODUJHVFDOH7HUD*ULG
UHVRXUFH WKHUH DUH ZHOOGH¿QHG DFFHSWDQFH FULWHULD




5HVHDUFK ,PSDFW &RVW RIWHQ LV WKH SULPDU\ IDFWRU
ZKHQGHFLGLQJZKDW VRIWZDUHZLOOEHDYDLODEOHRQD
7HUD*ULGUHVRXUFH2IWHQWKLVPHDQVWKDWWKHEHVWWRRO
IRU D VSHFL¿F UHVHDUFKGRPDLQ LVQRW DYDLODEOH7KLV
OHDGV WR ORVWRSSRUWXQLW\RUGHOD\HGGLVFRYHU\DVUH






RSSRUWXQLW\ FRVW DOWKRXJKGLI¿FXOW WRPHDVXUHPD\
EH VLJQL¿FDQW:LWKRXW DPDFURDQDO\VLV RI VRIWZDUH








SRSXODU LQ WKH 7HUD*ULG FRPPXQLW\ EXW LW UHTXLUHV
VLJQL¿FDQWVXEVLGLHVIURPIXQGLQJDJHQFLHV7RHQVXUH
WKHVDWLVIDFWLRQRIWKHWDUJHWXVHUFRPPXQLW\WKHGHFL















































VLW\RI UHVHDUFKGLVFLSOLQHV DQGDGYLVRUV IURPFRP
PHUFLDOVRIWZDUHYHQGRUV




SXWHU VFLHQFH DQGGLJLWDO OLEUDULHV0HPEHUV VKRXOG
EH UHVSHFWHG OHDGHUV LQ WKHLU ¿HOGVZLWK D VROLG XQ
GHUVWDQGLQJRIVWDWHRIWKHDUWVRIWZDUHDQGKDUGZDUH
V\VWHPV ERWK FRPPHUFLDO DQG RSHQ VRXUFH DV DS
SOLHGWRWKHLU¿HOG
([2I¿FLR0HPEHUVUHSUHVHQWDWLYHVHDFKIURP
16)2&, 1,+ '2( 'R'0RGHUQL]DWLRQ DQG
1$6$
$GYLVRU\0HPEHUV5HSUHVHQWDWLYHV IURP WKH VRIW
ZDUHGHYHORSPHQWDQGVXSSRUWLQGXVWU\DVUHTXLUHGE\


















WKH VKDUHG DQG GLVFLSOLQHVSHFL¿F VRIWZDUH UHTXLUH
PHQWVRIDGLYHUVHQDWLRQDOUHVHDUFKFRPPXQLW\
&XUUHQW6RIWZDUH$YDLODELOLW\7KH&RPPLWWHHZLOO
PDLQWDLQ D ZHEEDVHG 7HUD*ULG VRIWZDUH LQGH[ WKDW
GHWDLOVWKHVRIWZDUHDYDLODEOHRQDOO7HUD*ULGUHVRXUF
HV E\ GLVFLSOLQH DQG UHVRXUFH )HDWXUHIXQFWLRQDOLW\
OLPLWDWLRQVDQGVXSSRUWLQIRUPDWLRQZLOOEHSURYLGHG
IRUHDFKVRIWZDUHSDFNDJH
8VHU 5HTXLUHPHQW $QDO\VLV 7KH &RPPLWWHH ZLOO
SHUIRUP LQGHSWK LQYHVWLJDWLRQV RI VWDWHRIWKHDUW
VRIWZDUHWRROVDQGXVDJHSDUDGLJPVIRUDEURDGSRUW















 &RPPHUFLDO DQG 266 VRIWZDUH SURYLGHU LQIRUPD
WLRQLQFOXGLQJIHDWXUHIXQFWLRQDOLW\DQGOLFHQVLQJDQG
PDLQWHQDQFHFRVWV
























% (QJDJH DXWKRULWLHV IURP GLYHUVH UHVHDUFK




VFLHQWL¿F GLVFRYHU\ LPSDFW RI 7HUD*ULG UH
VRXUFHV






UHVHDUFKRSHQ VRXUFH DQGFRPPHUFLDO VRIW
ZDUHH[SHUWLVH
% +DUGGDWD LQFOXGLQJ FRVWV IHDWXUHIXQFWLRQ
DOLW\ VFDODELOLW\ LQWHURSHUDELOLW\ DQG VHFX

























(DUWKTXDNH&HQWHU 6&(&SURMHFW WKH/DVHU ,QWHU





7KURXJK WKH 16) ,75 SURJUDP WKHUH ZHUH PDQ\
VFLHQWLÀF SDUWQHUVKLSV GHYHORSHG WKDW IRVWHUHG ERWK
FRPSXWHU VFLHQFH DQG GRPDLQ VFLHQFH DGYDQFHV ,Q
DVWURQRP\QHZFRPSXWDWLRQDOPHWKRGVZHUHGHYHO
RSHG WR SURYLGH VFDODEOH VROXWLRQV WR VFLHQFH JUDGH

















RI WKH ODWHVWVRIWZDUH LQQRYDWLRQVDQGWKLVVLWXDWLRQ
PD\UHGXFHWKHSDFHRIVFLHQWLÀFGLVFRYHULHV
)RUWKHVDPHUHDVRQLWLVVRPHWLPHVGLIÀFXOWIRUVFL
HQWLÀF VRIWZDUH SURYLGHUV WR DWWUDFW QHZ XVHUV DQG





VWDQGLQJ RI QHZ UHTXLUHPHQWV DQG FKDOOHQJHV 2QO\
WKURXJKDSDUWQHUVKLSDQGFORVHFROODERUDWLRQEHWZHHQ
VRIWZDUH GHYHORSHUV DQG VFLHQWLVWV FDQ DGYDQFHV EH
PDGHERWKLQFRPSXWHUVFLHQFHDQGGRPDLQVFLHQFHV
2QH RI WKH 16) SURJUDPV WKDW UHFRJQL]H WKH YDOXH
RI VFLHQWLÀFVRIWZDUH WRGRPDLQVFLHQFHV LV WKH2&,
































6RPHPD\DUJXH WKDW LQGXVWU\ VKRXOG WDNHRYHU VFL
HQWLÀF VRIWZDUH DQG FRPPHUFLDOL]H LW +RZHYHU
WKLVPRGHO LV RIWHQ QRW SRVVLEOH 6FLHQWLÀF VRIWZDUH
LV RIWHQ FRQWLQXRXVO\ GHYHORSHG DQG HQKDQFHG DV
WKHXQGHUVWDQGLQJRIDSSOLFDWLRQQHHGVHYROYHRUDV
WKHVHQHHGFKDQJHRYHUWLPHEHFDXVHRIWKHSRVVLEOH







































:H DUH FRPPHQWLQJ DV DQ RUJDQL]DWLRQ WKDW KDV GH
YHORSHG DQG VXVWDLQHG D KLJKO\ XWLOL]HG VXFFHVV












*ULG&KHPZDV ERUQ RXW RI D QHHG LQ WKH FRPSXWD
WLRQDO FKHPLVWU\ FRPPXQLW\ IRU HDVLHUZD\V WR FRQ
GXFWH[SHULPHQWVXVLQJWKHPRVWZLGHO\XVHGVRIWZDUH










PDSDFFRUGLQJ WR WKHLU HPHUJLQJQHHGV$VD UHVXOW
ZHUH KDYH EHQH¿WWHG IURP LQFUHDVLQJ DGRSWLRQ DQG
XWLOL]DWLRQHYHQEH\RQGWKHHQGRIWKHSURMHFW
:HDUHQRZPRQWKVSDVWWKHHQGRIWKHSURMHFWDQG
RXUXVHU FRXQWQXPEHURI MREV DQG WRWDO FRQVXPHG
































,Q WKH FRQWH[W RI *ULG&KHP DWWHPSWLQJ WR VLPSO\




























VXSSRUWHG VROXWLRQ IRUZKDWZH IHHO DUH EDVLF WDVNV
$GGLWLRQDOO\ LW¶V LPSRUWDQW WR QRWH WKDW PXOWLGLVFL









VLPSO\ PDLQWDLQ LW ,Q WRGD\¶V ODQGVFDSH WKHUH LV QR
FOHDUSDWK IRUNHHSLQJJRRG VRIWZDUH VXVWDLQHG:LWK
OLPLWHG IXQGV DYDLODEOH DW WKH QDWLRQDO OHYHO FUHDWLQJ
XVHIXO WRROV LV QRW HQRXJK1HLWKHU LV FUHDWLQJKLJKO\
XWLOL]HGSURGXFWLRQVROXWLRQV7UXWKIXOO\WKRVHDUHERWK








*ULG&KHP SURMHFW ZDV IXQGHG WKURXJK DQ10,'H
SOR\PHQWDZDUGIURP,QWKH)DOORI
WKHSURMHFWZDVJUDQWHGWZRQRFRVWH[WHQVLRQVWRUXQ








RQ&\EHU5HVRXUFHV DQG)DFLOLWLHV DZDUG RXW RI WKH
&KHPLVWU\ 5HVHDUFK ,QVWUXPHQWDWLRQ DQG )DFLOLWLHV
&5,)SURJUDPDW16)7KLV LVPDLQO\ WR IRUVPDOO
H[WHQVLRQVWRWKHFOLHQWDQGPLGGOHZDUHWRVXSSRUWD
VOLJKWO\ GLIIHUHQW H[HFXWLRQPRGHO IRU WKH DZDUGHHV
7KH VHFRQG LV WKURXJK WKH7HUD*ULG$GYDQFHG8VHU
6HUYLFHV GLYLVLRQ WR DGGPXFKUHTXHVWHG SDUDPHWHU
L]DWLRQDQGZRUNÀRZVXSSRUWWRWKHVRIWZDUH
$9DOXHEDVH&XOWXUH
:H EHOLHYH WKDW *ULG&KHP FRQWLQXHV WR WKULYH DV D
SURMHFWEHFDXVHRIWKHLQLWLDOGHFLVLRQZHPDGHWRVXV

































 %XLOG D VHOISURSDJDWLQJ VRIWZDUH IHHGEDFN ORRS
LQWRIXWXUH&)37KLVZLOOFUHDWHLVDSHUVLVWHQWUHYLHZ
SURFHVV IRU IXQGHG SURMHFWV WKDW ZLOO HYDOXDWH WKHLU
SODFHLQWKHQDWLRQDO&,




PXQLW\ GHYHORSPHQW0DWXUH &, VRIWZDUH UHTXLUHV D
FRPPXQLW\WRGHYHORSDQGPDWXUHWKHFRGH&UHDWLQJ
WKLVHQYLURQPHQWZLOOOHDGWRDVWURQJHURYHUDOO&,
/HYHUDJH WKH ORFDOH[SHUWLVHRI06, LQVWDELOL]LQJ
WKHQDWLRQDO&,DQGPDNLQJWKHPPRUHXVHIXOWRWKH
JHQHUDOSXEOLF ,QFHQWLYL]H WKLVSDUWLFLSDWLRQ WKURXJK
DZDUGVRIV\VWHPWLPHDQGFROODERUDWLYHH[WHQVLRQV
 /HYHUDJH YLUWXDOL]DWLRQ WR HDVH GHSOR\PHQW DQG
PD[LPL]H52,3URYLGLQJSHUVRQDOL]HGRUFXVWRPL]HG





 $JJUHVVLYHO\ HQFRXUDJH DGYDQFH GLVFXVVLRQV RQ
VRIWZDUH LQWHURSHUDELOLW\ DQG GLVVHPLQDWLRQ ,QFOXG




DO RSHQVRXUFH FRPPXQLW\ LQGXVWU\ DQG DFDGHPLD
:RUNZLWKWKHPWRDLGWKHWHFKWUDQVIHU/HYHUDJHOR
FDODQGVWDWHH[SHUWLVHDQGUHVRXUFHVWRPDNHLWKDS









7KH16) LV ORRNLQJERWKDWPRGHOVRIKRZ WREXLOG
VXVWDLQDEOH F\EHULQIUDVWUXFWXUH VRIWZDUH DV ZHOO DV
VSHFLÀFVRIWZDUHWKDWZLOOEHQHÀWLWVJRDOVOLNHSURYLG
LQJ FRPPXQLWLHVZLWK DFFHVV WR D ´ZRUOG FODVVKLJK




















SDELOLWLHVEXLOW LQWR LW WKDWGHYHORSHUVKDYH WUDGLWLRQ
DOO\KDYHKDGWREXLOGRQWRSRIPHVVDJLQJVRIWZDUH
05* 5HDOWLPH SURYLGHV ZRUNORDGV RQ /LQX[ H[
WUHPHO\GHWHUPLQLVWLFUHDOWLPHSHUIRUPDQFHDQGUXQV







VXSSRUWV ERWK WUDGLWLRQDO+3&ZRUNORDGV DVZHOO DV
XWLOLW\RUFORXGPRGHOVRIFRPSXWLQJLWFDQVFKHGXOH
DQGPDQDJHDQ\ZRUNORDGIURPVXEVHFRQGFDOFXOD
WLRQV WR VHUYHU DSSOLFDWLRQV WR+3& MREV DFURVV DQ\
FRPSXWDWLRQDO UHVRXUFH IURP ORFDO JULGV WR UHPRWH
JULGVWRLGOHUHVRXUFHVWRYLUWXDOPDFKLQHVWRSULYDWH
FORXGV WR SXEOLF FORXGV OLNH$PD]RQ (& )XUWKHU




%H\RQG SURYLGLQJ LQQRYDWLYH FDSDELOLWLHV IRU KLJK
SHUIRUPDQFH GLVWULEXWHG FRPSXWLQJ KRZHYHU 5HG
+DW (QWHUSULVH05* DOVR SURYLGHV JRRGPRGHOV RI
KRZ16)IXQGHGUHVHDUFKHUVHQGXVHUVDQGWHFKQRO








E\ D KDQGIXO RI H[SHQVLYH DQG SURSULHWDU\ VRIWZDUH
SURGXFWVDQGWKHVHSURGXFWVZHUHKLJKO\VSHFLDOL]HG
DQG XQLQWHURSHUDEOH GXH WR WKH ODFN RI DPHVVDJLQJ
SURWRFRO VWDQGDUG 7KLV PHDQW WKDW PDQ\ FXVWRPHUV












PHVVDJLQJ VRIWZDUH LV IXQGDPHQWDO WR GLVWULEXWHG
FRPSXWLQJWKHODFNRIDQRSHQVWDQGDUGIRUPHVVDJ
LQJZDVVHYHUHO\VWXQWLQJWKHJURZWKRIDPHVVDJLQJ
HFRV\VWHP ,QVWHDG5HG+DW WHDPHGZLWKRQHRI LWV
FXVWRPHUV -3 0RUJDQ &KDVH -30& WR FUHDWH DQ
RSHQSURWRFROVWDQGDUGDURXQGPHVVDJLQJ$043
-30&OLNHPDQ\RWKHUEDQNVKDGGHYHORSHGLWVRZQ
PHVVDJLQJ VRIWZDUH WRPHHW LWV KLJKHQGPHVVDJLQJ
UHTXLUHPHQWV+RZHYHU-30&KDGDOVRZULWWHQGRZQ
WKHVSHFLÀFDWLRQRILWVZRUNDQGWKLVSURYHGWREHD
JRRG VWDUWLQJ SRLQW IRU FUHDWLQJ DQ RSHQPHVVDJLQJ
SURWRFRO VWDQGDUG5HG+DW DQG -30& FUHDWHG D OH
JDOFRQWUDFWWRIRUPWKH$043ZRUNLQJJURXSZKLFK




$043 QRZ KDV VWURQJ SDUWLFLSDWLRQ IURP QRW MXVW
OHDGLQJWHFKQRORJ\SURYLGHUVEXWDOVRPHVVDJLQJHQG
XVHUV 7KH$043 ZRUNLQJ JURXS LQFOXGHV YHQGRUV
OLNH 5HG +DW &LVFR DQG0LFURVRIW WR HQVXUH JRRG
DGRSWLRQDQGSUROLIHUDWLRQIRU$043FRPSOLDQWSURG
XFWV%XW LW DOVR LQFOXGHVKLJKHQGPHVVDJLQJXVHUV
OLNH-30&*ROGPDQ6DFKV&UHGLW6XLVVH'HXWVFKH
%|UVHDQG7ZLVW,QQRYDWLRQV(DFKRIWKHVHXVHUVLV
DFWLYHO\ FRQWULEXWLQJ WR WKH $043 VSHFLÀFDWLRQ WR
HQVXUHWKDW$043ZLOOPHHWLWVQHHGVIRUHYHU\WKLQJ
IURP SHUIRUPDQFH WR DUFKLWHFWXUH WR PDQDJHPHQW
7KLVHQVXUHVWKDW$043ZLOOEHDSRZHUIXOEXWDOVR
SUDFWLFDOVWDQGDUG
















UREXVW VRIWZDUH HFRV\VWHP EXLOGLQJ DURXQG$043
0DQ\ RSHQ VRXUFH SURMHFWV IRU WKLQJV UDQJLQJ IURP
YLUWXDOL]DWLRQ PDQDJHPHQW WR VHFXULW\ LQIUDVWUXFWXUH
WR /LQX[ LWVHOI DUH LQFRUSRUDWLQJ$043$QG ZLWK
ERWK5HG+DWDQG0LFURVRIW·VSDUWLFLSDWLRQLQ$043




















SDQGLQJ VLJQLÀFDQWO\ &RQGRU·V UHDFK IURP UHVHDUFK
HQYLURQPHQWV WR HQWHUSULVHV )RU H[DPSOH 5HG +DW
KDV IRFXVHG RQ DGGLQJPDQ\ FDSDELOLWLHVZKLFK HQ
WHUSULVHV UHTXLUH IRU GHSOR\PHQW EXW ZKLFK DUH QRW
SDUDPRXQW IRUDFDGHPLD7KHVHHQKDQFHPHQWV UDQJH















5HG+DW KDV GHYHORSHG DQ$043PHVVDJLQJEDVHG
MRE VXEPLVVLRQ FDSDELOLW\ ZKLFK HQDEOHV &RQGRU WR












5HG +DW (QWHUSULVH 05* DQG OHYHUDJH FDSDELOLWLHV




SULVHV DQG DFDGHPLF UHVHDUFKHUV LQ 5HG+DW (QWHU
SULVH05*KDV SURGXFHG D FODVVGHÀQLQJ SRZHUIXO
SODWIRUP IRU KLJK SHUIRUPDQFH GLVWULEXWHG FRPSXW
LQJ,WVUREXVWDQGRSHQFDSDELOLWLHVDURXQG0HVVDJ
LQJ DQG*ULG DQG LWV 5HDOWLPH SHUIRUPDQFH GHOLYHU
PDQ\RI WKH UHTXLUHPHQWV WKH16) VHHNV DURXQG LWV
F\EHULQIUDVWUXFWXUHYLVLRQ3HUKDSVPRUHLPSRUWDQWO\
WKRXJK5HG+DW·VRSHQVRXUFHFROODERUDWLYHDSSURDFK
WR 05* KDV GHOLYHUHG QHZ RSHQ VWDQGDUGV IRU LQ
WHURSHUDELOLW\DQGHFRV\VWHPVKDVRSHQVRXUFHGDQG












LQJ SUREOHPV WKDWPD\ QRW GLUHFWO\ EH UHODWHG WR



















PDQFH FRPSXWLQJ HQGHDYRUV LV TXLWH GLIIHUHQW IURP
ZKDWLVW\SLFDOO\SURYLGHGRQDW\SLFDOSHUVRQDOZRUN
VWDWLRQ)RULQVWDQFHRQHYHQGRUHJ0LFURVRIW$S
SOHPD\EH UHVSRQVLEOH IRU D ODUJH FURVV VHFWLRQRI
WKHV\VWHPFRGHWKDWLVUXQQLQJRQWKLVV\VWHPLQWKLV
SRVLWLRQWKHVLQJOHYHQGRUFDQLQDVHQVHXQLODWHUDOO\
GHFODUHKRZRWKHU FRGHV GULYHUV DSSOLFDWLRQFRGHV
DQGVRRQDUHHQFRXUDJHGDQGRUDOORZHGWRLQWHUDFW

















IURP WKH LQWHJUDWRU9DOLGDWLRQ WHVWV DQGPHWKRGROR










\HDUV ,QSDUW LW LVGXH WR WKHVKHHUGHWHUPLQDWLRQRI
ERWKV\VWHPSURYLGHUVDQGWKH+3&VLWHVEXWRQHVLGH
FRQVHTXHQFH RI WKHVH GHWHUPLQHG HIIRUWV WR DFKLHYH






VDIHW\ RI GHVNWRS SODWIRUPV ZKHUH WKH QXPEHUV RI
DFKLHYDEOH OLFHQVHV LV ODUJH DQG WKH VRIWZDUH VWDFN
ZHOOLVPDQDJHGLQDIDLUO\FRKHUHQWIDVKLRQ
,QRUGHU WR LPSURYH WKLV VLWXDWLRQZHZRXOG OLNH WR
FRQVLGHUFRPPHQWVE\%LOO*URSSLQKLVUHFHQW)HUQ
EDFKDZDUGDGGUHVVDW6&ZKHQKHZDVFRQVLGHULQJ






DSSO\ WR03, UDWKHU03, VRXJKW WR EH WKH ´*UHDW
HVW&RPPRQ'HQRPLQDWRUµ7KLVGLVWLQFWLRQDUJXHG
*URSSZDVFULWLFDO DV LW FKDQJHVKRZZHPDNH LP
SURYHPHQWV6RPHWKLQJ WKDW LVRXU´/HDVWµFRPPRQ
GHQRPLQDWRUOHDGVWRLPSURYHPHQWVE\VLPSO\FKRRV
LQJ D EHWWHU DSSURDFK ² LH LW LV KDUG WR QRW GR EHW
WHU WKDQ WKH ´OHDVWµ ´*UHDWHVWµ LPSOLHV GLUHFWO\ WKDW
LPSURYHPHQWV UHTXLUH FKDQJLQJ WKH UXOHV HLWKHU D
WKH DYDLODEOH DUFKLWHFWXUH VXSSRUW ´'HQRPLQDWRUµ
WKHVFRSH´&RPPRQµRUWKHJRDOVZKDWLVLQGHHG
´*UHDWHVWµ"*LYHQ WKLV*URSSDUJXHG WKDWRQHFDQ






IULQJH RU IDOOLQJ RII WKH FRPPRGLW\ FXUYH RUPDN














FRPPRQGHQRPLQDWRU"$W WKHPRPHQW , EHOLHYHZH
ZRXOG EH KDUG SUHVVHG WR FOHDUO\ LGHQWLI\ WKH WKUHH
FRPSRQHQWV$VIDUDV´JUHDWHVWµLVFRQFHUQHGDFURVV
D PXOWLWXGH RI VXSHUFRPSXWLQJ VLWHV WKHUH LV OLWWOH





DQG FDSDELOLWLHV DUH FRQVLGHUHG ´RSWLRQDOµ *UDQWHG
XVHUGHPDQGIRUDQXPEHURIWKHFDSDELOLWLHVKDVPDGH
D ODUJH QXPEHU RI FDSDELOLWLHV GHIDFWR JUHDWHVW EXW
WKHXQZLQGLQJZDVVSHDUKHDGHGWKURXJKDQDUJXPHQW
EDVHG RQ LQFUHDVLQJ DUFKLWHFWXUDO GLYHUVLW\ DV '7)
PRUSKHGLQWRDKHWHURJHQHRXVGLVWULEXWHGFDSDELOLW\












EHWZHHQ SODWIRUPV ² IRU DSSOLFDWLRQ GHYHORSHUV IRU
LQGHSHQGHQW VRIWZDUH DSSOLFDWLRQ GHYHORSHUV DQG
IRUGHYHORSHUVRIDGYDQFHGWRROV WKDW IRUVXFFHVVIXO
DGRSWLRQRIWKHWRROVWRHQDEOHVFLHQFHDQGHQJLQHHU





XS LQ WKH ´JUHDWHVW FRPPRQ GHQRPLQDWRUµ IRU+3&
VRIWZDUHZHQHHGWRFRQVLGHUKRZZHIXQGVXFKDF
WLYLWLHV &XUUHQWO\ +3& VRIWZDUH LV D KLJKO\ OHYHU











LVDQDUGXRXV WDVN WKDWRIWHQ LVGLIÀFXOW WR IXQGQRW
WR PHQWLRQ WHFKQLFDOO\ GLIÀFXOW WR DFKLHYH 6RPH
FRPSRQHQWV FRPH IURP KDUGZDUH YHQGRUV DV SDUW
RI D VWUDWHJLF LQYHVWPHQW WRKHOS WKHLU FRUHEXVLQHVV
ZKLFKTXLWHRIWHQLVQRW+3&RWKHUVFRPHIURPWKH
RSHQ VRXUFH FRPPXQLW\ ² ZKLFK EULQJV XS DQRWKHU
LVVXHZKR GULYHV VRIWZDUHPDLQWHQDQFH DQG IHDWXUH
LPSURYHPHQWV/RRNLQJDFURVVWKHVHGLYHUVHDFWLYLWLHV
WKDWEULQJ+3&VRIWZDUHWRIUXLWLRQ²RQHFDQVHHWKDW




































PXQLW\ VRIWZDUH WKURXJK LQYHVWPHQWV RI WLPH IURP
GHYHORSHUVDQGPRQLHVLQWKHIRUPRIJUDQWVIURPJRY
HUQPHQW DJHQFLHV:LWKRXW WKHVH LQYHVWPHQWVPDQ\

































RYHUDOO DYDLODEOH RSHQ VRXUFH VRIWZDUH LQ WKH +3&
FRPPXQLW\7KHQRUPLVPXFKRIWKHRSSRVLWH0DQ\
RSHQVRXUFHVRIWZDUHSURJUDPVDUHRIWHQGLI¿FXOW WR






$,; V\VWHP DQG DQ 6*, ,5,; V\VWHP 6LQFH WKHVH
V\VWHPV DUH XQLTXH WR WKHLU UHVSHFWLYH FRPSDQLHV






























$V D UHVXOW RI *RWR¶V KDUG ZRUN PDQ\ RWKHU RSHQ
VRXUFHVRIWZDUHSURJUDPVDOPRVW UHTXLUH WKHV\VWHP
KDYH*RWR%/$6LQVWDOOHGLQRUGHUWREXLOGWKHLUVRIW
ZDUH6LQFH*RWR%/$6JLYHV WKH EHVW SHUIRUPDQFH
PDQ\RSHQVRXUFHGHYHORSHUVUHFRPPHQGXVLQJ*R
WR%/$6EXWVWLOOSDFNDJHDYHUVLRQRI%/$6LQWKHLU
RSHQ VRXUFH VRIWZDUH 6RIWZDUH WKDW VWLOO FRPHZLWK
WKHLURZQYHUVLRQRI%/$6PD\KDYHEHHQGHYHORSHG
RQV\VWHPVWKDWGLGQRWKDYH*RWR%/$6LQVWDOOHGDQG
WKHUHIRUH FRXOG QRW WHVW ZLWK *RWR%/$6 EXW NQRZ
*RWR%/$6VKRXOGJLYHWKHEHVWSHUIRUPDQFH
6XPPDU\











VLPXODWLRQ VRIWZDUH DQG VXPPDUL]HV WKH OHVVRQV
OHDUQW IURP WKH SHUVSHFWLYH RI ORQJWHUP VRIWZDUH
VXVWDLQDELOLW\ :H KDYH VWXGLHG WKH SUREOHP RI UH





VRIWZDUH SUHVHUYDWLRQ DQG &\EHULQIUDVWUXFWXUH VRIW
ZDUHVXVWDLQDELOLW\DQGUHXVDELOLW\
,QWURGXFWLRQ ,Q WKH FXUUHQW GLJLWDO HUD WZR WUHQGV






VXSSRUWLQJZRUNZLWK GLJLWDO LQIRUPDWLRQ KDYH EHHQ
FKDQJLQJPRUHUDSLGO\WKDQDQ\RWKHUWHFKQRORJ\>@
7KHVH FKDQJHV LQFOXGH QRW RQO\ FRPSXWHU KDUGZDUH
DQGRSHUDWLQJV\VWHPVRIWZDUHEXWDOVRGDWDIRUPDWV










RIPXOWLSOH W\SHVRI UHFRUGV DERXW WKHGHFLVLRQSUR
FHVV)LUVWWKHUHDUHUHFRUGVSUHSDUHGLQWKHSDVWDQG








SDUHG WRPRUURZ VR WKDW WKH FRUUHVSRQGLQJ GHFLVLRQ






VWUXFWLRQ SUREOHP XVLQJ &\EHULQIUDVWUXFWXUH DV IRO
ORZV*LYHQDFRPSXWHUDVVLVWHGGHFLVLRQSURFHVVWKDW
LV UHSUHVHQWHG E\ GLJLWDO GDWD VRIWZDUH DQG UHODWHG
GRFXPHQWVQHWZRUNLQJFDSDELOLWLHVIRUDFFHVVLQJGDWD
UHSRVLWRULHVDQGFRPSXWDWLRQDOUHVRXUFHVUHFRUGPDQ
DJHPHQW SUDFWLFHV DQG WKH VRFLRHFRQRPLF HQYLURQ
PHQWZHLQYHVWLJDWHWKHSUHVHUYDWLRQDQGUHFRQVWUXF




VFDODEOH LQIRUPDWLRQ LQIUDVWUXFWXUH KLJK HQG FRP




UHFWO\ DQG PLJKW EH VXEGLYLGHG LQWR PXOWLSOH VXE
SUREOHPV DGGUHVVLQJ FKDOOHQJHV DVVRFLDWHG ZLWK
SUHVHUYDWLRQRIRQO\RQHFRPSRQHQWDQGRQHW\SHRI
&\EHULQIUDVWUXFWXUH 7KHUHIRUH ZH QDUURZHG GRZQ
RXUIRFXVWRSUREOHPVDVVRFLDWHGZLWKRQO\WKHUHH[
HFXWLRQRIVFLHQWLÀFVLPXODWLRQVRIWZDUHDQGH[SORUHG





LQFUHDVHG DZDUHQHVV RI VRIWZDUH SUHVHUYDWLRQ LVVXHV
>@>@ &RPPXQLWLHV RI VFLHQWLVWV DQG RUJDQL]DWLRQV







EURZVLQJ RI SDVWZHESDJH FRQWHQWV XVLQJ WKHZD\
EDFNPDFKLQH>@6RPHRUJDQL]DWLRQVOLNHWKH6RIW


















VWUXFWLRQSURMHFWZKHUH WKHJRDO LV WRXQGHUVWDQGWKH





OHP LV PRWLYDWHG E\ XQGHUVWDQGLQJ WKH SURFHVV RI






HFRORJLFDO K\GURORJLFDO FXOWXUDO DQG ÀQDQFLDO LP
SDFWV 7KH GHFLVLRQ PDNHUV IURP PXOWLSOH GRPDLQV
REWDLQHG VRPH XQGHUVWDQGLQJ RI WKH DERYH E\ UXQ
QLQJVLPXODWLRQSURJUDPVDQGDQDO\]LQJWKHLURXWSXWV
)RUH[DPSOHWKHUHZDVDQHHGWRDVVHVVSURWHFWLRQRI








7KH WHUP ´UHFRQVWUXFWLRQµ KHUH UHIHUV WR WKH UH
H[HFXWLRQ RI WKH &UDQGRQ0LQH 3URMHFW VLPXODWLRQ
VRIWZDUH ZLWK WKH DVVRFLDWHG PHWDGDWD DQG LQSXW
GDWD VHW WR UHFUHDWH WKH VWRUHGRXWSXWV7KH VLPXOD
WLRQ XWLOL]HG VHYHUDO DSSOLFDWLRQV $11,( D XVHU
LQWHUIDFHGHVLJQHG DQGGHYHORSHG WR DVVLVW WKHXVHU
LQDOODVSHFWVRIK\GURORJLFPRGHOLQJDQGDQDO\VHV
FRXOGEHH[HFXWHGDQG LQWHUDFWHGZLWK+RZHYHU LW




OHFWHG IRU WKH UHFRQVWUXFWLRQ DFFRUGLQJ WR WKH XVHU
PDQXDOÀOHVZLWKH[WHQVLRQVXFLZGPSOWH[VDQG
HFK8VLQJWKHGDWDZDVGLIÀFXOWDVZHHQFRXQWHUHG
LQFRQVLVWHQFLHV LQ ÀOH QDPLQJ DQG LQFRPSOHWHQHVV





















)XUWKHU EHIRUH SUHVHUYDWLRQ WKH VRIWZDUH VKRXOG EH
UHH[HFXWHGE\VWDUWLQJZLWKDEDUHERQHVV\VWHPDQG















VHOIGHVFULELQJ ZRUNÁRZ HQYLURQPHQWV VXFK DV &\
EHULQWHJUDWRUZKHUH WKH GDWD VHWV VRIWZDUH DQG H[
HFXWLRQVDUHDXWRPDWLFDOO\DQQRWDWHG:KLOHWKHUHDUH







WRZDUGV +LVWRULFDO$UFKLYHV RI &RPSXWHU *DPLQJµ
WKH (OHFWURQLF 0HGLD *URXS$QQXDO 0HHWLQJ RI WKH






>@ 'RURQ ' 6ZDGH ´+LVWRULFDO 5HFRQVWUXFWLRQVµ
,((($QQDOV RI WKH+LVWRU\ RI&RPSXWLQJ YRO 
QRS-XO\6HSWHPEHU







>@ -DPHV: &RUWDGD ´5HVHDUFKLQJ WKH +LVWRU\ RI








>@ ´,QIRUPDWLRQ7HFKQRORJ\5HVHDUFK ,QYHVWLQJ LQ
2XU)XWXUH3,7$&3UHVLGHQW·V,QIRUPDWLRQ7HFKQRO
RJ\ $GYLVRU\ &RPPLWWHH 5HSRUWµ )HE  
1DWLRQDO &RRUGLQDWLRQ 2IÀFH IRU &,& 85/ KWWS
ZZZQLWUGJRYSLWDFUHSRUWSLWDFBUHSRUWSGI
>@ 6RIWZDUH 3UHVHUYDWLRQ DW WKH &RPSXWHU +LVWRU\
0XVHXP85/KWWSZZZFRPSXWHUKLVWRU\RUJ




























(OHFWURQLF /DERUDWRU\ )(/ SODWIRUP )HGRUD KDV
RSWHGDGLIIHUHQWDSSURDFKLQWKHGHYHORSPHQWRIVXFK
KLJKHQG KDUGZDUH GHVLJQ DQG VLPXODWLRQ SODWIRUP
7KLV DSSURDFK IRFXVHV PDLQO\ RQ SURYLGLQJ RSHQ
VRXUFH('$VROXWLRQVWRPHHWVHYHUDOKLJKHQGGHVLJQ





DGYDQFHG VFLHQWLÀFNQRZKRZRI WKH VHPLFRQGXFWRU
LQGXVWU\EURXJKWE\PDQ\SHRSOHIURPYDULRXVFRXQ
WULHV ,Q RUGHU WR GHVLJQ KDUGZDUH IRU WKH UHDO OLIH
WKHVH ('$ VRIWZDUH VKRXOG ÀW LQWR D SDUWLFXODU GH
VLJQÁRZDQGHQVXUHLQWHURSHUDELOLW\2WKHUZLVHWKLV









VRIWZDUH GHSOR\PHQW+HQFH WKH )HGRUD 3URMHFW LQ
FRUSRUDWHVDQGSUHSDUHVWKRVHRSHQVRXUFH('$WRROV
LQWRLWV('$SRUWIROLRWKDWPHHWVWKHFXUUHQW6HPLFRQ







WHU DV LWV XVHU EDVH WR SURYLGH WKH EHVW SRUWIROLR IRU
0LFUR1DQR (OHFWURQLF (QJLQHHULQJ GHVLJQ ÁRZV

















% ,QWHURSHUDELOLW\ EHWZHHQ YDULRXV SDFNDJHV
LQ RUGHU WR DFKLHYH GLIIHUHQW GHVLJQ ÁRZV
5(6($5&+	'(9(/230(17
(19,5210(17
% 7KH 5HVHDUFK 	 'HYHORSPHQW HQYLURQPHQW
HLWKHUDFDGHPLFRULQGXVWU\RULHQWHGKDVHV
WDEOLVKHGVWURQJWLHVZLWKWKHPDMRU('$YHQ









'HVSLWH WKRVH DGYDQWDJHV WKH HQGXVHU H[SHULHQFHV
¶9HQGRU /RFN 'RZQ· ZKHQHYHU WKH GHVLJQ SURMHFW





$OWKRXJK WKH )HGRUD 3URMHFW LV D QRQSURÀW RUJDQL
]DWLRQ)(/VKDUHVWKHVDPHGLIÀFXOWLHVWKHELJ('$
YHQGRUV DUH IDFLQJ:KLOH PDQ\ ('$ YHQGRUV DOVR
XVHRSHQVRXUFHWRROV*187RROFKDLQ-DYD7FO7N






VFULSWV FUHDWHG E\ WKH UHVHDUFKHU GR QRW VXIIHU IURP
REVROHWHRSWLPL]DWLRQVDQGIXQFWLRQVRIGLIIHUHQWFRP
SLOHUVRULQWHUSUHWHUV







7KH XVHUEDVH LV WKXV H[SDQGHG WR ÀW GLIIHUHQW UH







ZDUH DOJRULWKPV 6LQFH WKH ('$ VRIWZDUH LV RSHQ
VRXUFH UHVHDUFKHUV GRQ·W KDYH WR UHZULWH WKH ZKROH
VLPXODWRU LQ RUGHU WR YHULI\ WKHLU VSHFLÀF KDUGZDUH
DOJRULWKPV7KH\FDQDOVRXVH)HGRUDDVDFROODERUD
WLYHGHYHORSPHQWSODWIRUPZLWKRWKHU UHVHDUFKHUVRI






PXQLW\ZLWK WKH VDPH YDOXHV RI WKH )HGRUD 3URMHFW
,WEULGJHVERWKRSHQVRXUFHKDUGZDUHDQGRSHQVRXUFH
VRIWZDUH FRPPXQLWLHV 6XEVHTXHQWO\ PDLQWDLQLQJ D
FRPPXQLW\DURXQG)(/LVVXEMHFWHGWRGHDOZLWKFXO
WXUHFODVKHVEHWZHHQWKHFRPPXQLWLHVEHLQJEULGJHG
2XU DSSURDFK ZLWK )(/ LV WR EXLOG D FRPPXQLW\
DURXQGRSHQVRXUFH('$VROXWLRQVZLWKRSHQVRXUFH
VRIWZDUH7KLVGLIIHUVIURPWKHROGIDVKLRQHGRSHQ
VRXUFH VRIWZDUH FRPPXQLW\·V PHWKRG ZKLFK SUR
SRVHVRQO\RSHQVRXUFH('$VRIWZDUH7KLVROGIDVK
LRQHGPHWKRGGRZQSOD\VWKHYDOXHRIWKHRSHQVRXUFH






('$ VRIWZDUH WKDWPHHWV WKH GHPDQGV RI WKH ÀHOG
SURYHQSUREOHPV5HVHDUFKHUVQRWRQO\UHFHLYH('$
SRUWIROLRV IURP)(/ EXW DOVR D FRPPXQLW\ WKDW FDQ
OLVWHQWRWKHLUUHDOOLIHSUREOHPVZLWK('$VRIWZDUH
% 7REXLOG VXFK D FRPPXQLW\ ERWK LQVLGH DQG
RXWVLGH )(/ UHTXLUHV D UREXVW LQIUDVWUXFWXUH
DV DPRGHO WR IROORZ 6XFK DPRGHO VKRXOG
KHOS WKH )(/ GHYHORSHUEDVH WR À[ DOO WKH
PHQWLRQHGERWWOHQHFNVDQGWRIRFXVRQ)(/·V














QHZZD\VQHHG WREH IRXQG7KDW VDLG LW LV LPSHUD
WLYHWROLQHXS)(/PDUNHWLQJZLWKWKRVHRIELJ('$
YHQGRUV2QHRIWKHRSHQVRXUFHVRIWZDUHFRPPXQLW\
FODVKHV)(/ LJQRUHV LV FRPSHWLWLRQZLWKRWKHU OLQX[
GLVWULEXWLRQV+HQFHZHKDYHDFOHDUURDGPDSIRURXU
PLOHVWRQHV ZKLFK LQ UHWXUQ DOVR KHOSV WKH XVHUEDVH
DFKLHYLQJWKHGHVLJQVLJQRIIVTXLFNO\
&21&/86,21
)HGRUD (OHFWURQLF /DE KDV SURYHG WKDW DGYDQFHG
HOHFWURQLF GHVLJQ LV SRVVLEOH ZLWK RSHQVRXUFH ('$
VRIWZDUH:KLOHLWVXVHUEDVHIRFXVHVRQµWHFKQRORJ\












GRUD 3URMHFW>@ GHGLFDWHG WR VXSSRUW WKH LQQRYDWLRQ























RQ WZRDVSHFWVRI WKH)HGRUDSURMHFWVWUXFWXUH , IHHO
DUH PRVW UHOHYDQW WR WKH &, 6RIWZDUH 6XVWDLQDELOLW\
:RUNVKRSJRDOVDQG16)¶VFRUHPLVVLRQ
7KH)HGRUD3URMHFW
7KH )HGRUD 3URMHFW LV D JOREDO SDUWQHUVKLS RI IUHH
VRIWZDUHFRPPXQLW\PHPEHUVPDQDJHGE\5HG+DW
ZKLFKPDNHVNH\ LQIUDVWUXFWXUHDQGUHVRXUFH LQYHVW




SURGXFHG XQGHU DQ RSHQ VRXUFH OLFHQVH IURP LQFHS
WLRQWRDOORZWKHLUVWXG\DGRSWLRQDQGPRGL¿FDWLRQE\
RWKHUSURMHFWV7KHODUJHVWRIWKHPDQ\IUHHVRIWZDUH
FUHDWLRQV RI WKH )HGRUD 3URMHFW LV WKH )HGRUD GLVWUL
EXWLRQD/LQX[EDVHGRSHUDWLQJV\VWHPWKDWSURYLGHV
XVHUVZLWK DFFHVV WR WKH ODWHVW IUHH DQG RSHQ VRXUFH
VRIWZDUHLQDVWDEOHVHFXUHDQGHDV\WRPDQDJHIRUP
7KH )HGRUD GLVWULEXWLRQ LWVHOI LV FRPSRVHG RIPDQ\
LQGLYLGXDOVRIWZDUHFRPSRQHQWVHDFKZLWKWKHLURZQ









,W LV D FRPPXQLW\ RI FRQWULEXWRUV ZLWK D YDULHW\ RI
VNLOOVHWVZKRZRUNWRDGYDQFHWKHLQWHUHVWVRIWKHIUHH














PDGH DYDLODEOH XQGHU 26, DSSURYHG OLFHQVLQJ 7KLV
LVGRQHWRHQVXUHWKDW)HGRUDDOZD\VUHPDLQVIUHHIRU
DQ\ERG\ DQ\ZKHUH WR XVH PRGLI\ DQG GLVWULEXWH
7KLV LV LPSRUWDQW WR WKH FROODERUDWLYH SURFHVV ERWK















WLQJHGJH VFLHQFH DQG WHFKQRORJ\ UHVHDUFK WKDW UHO\
RQFRPPRQVRIWZDUHWRIRUPWKHEDVLVRIWKDWFROODER















RSHQ FROODERUDWLYH VRIWZDUH HFRV\VWHP7KH NH\ DV
SHFWVRIWKH)HGRUD3URMHFWZKLFKPDNHLWDVXFFHVVIXO












ZKLFK HYHU\RQH FDQ EHQH¿W DQG RQ ZKLFK WKH\ FDQ
FRQWLQXDOO\ EXLOG7KH16)¶VPLVVLRQ LV WR VLPLODUO\
DGYDQFHVFLHQFHLQQRYDWLRQ7KH16)FDQDQGVKRXOG
XVH WKH)HGRUD3URMHFW DV D EOXHSULQW IRU SROLF\ DQG
LQIUDVWUXFWXUHDQGDVDVWDUWLQJSRLQWIRUDQ16)PDQ
DJHG LQLWLDWLYH$OWKRXJK WKH16)JRDO RIPDQDJLQJ
UHVRXUFHVIRUKLJKO\FROODERUDWLYHDQGLQQRYDWLYHVFL







DOO VWDJHV RI WKH RSHQ VRXUFH VRIWZDUH GHYHORSPHQW














7KHVH LQIUDVWUXFWXUH LQYHVWPHQWV ORZHU WKH EDUULHUV
WRZDUGVFROODERUDWLRQEXWWKHIDFWWKDWWKH\DUHRSHQ
VRXUFHSURMHFWV DOVR HQFRXUDJHV LQGLYLGXDO FRQWULEX
WRUVWRH[WHQGWKHVHVHUYLFHVDVQHZQHHGVDUHLGHQWL
¿HG)RUH[DPSOHWKH)HGRUDWUDQVODWLRQFRPPXQLW\





7KH VXFFHVV HQMR\HG E\ WKH )HGRUD 3URMHFW FOHDUO\
GHPRQVWUDWHVWKHQHHGIRUWKH16)WRLQYHVWKHDYLO\LQ
LQIUDVWUXFWXUH WKDW IDFLOLWDWHV FROODERUDWLRQ IRU VFLHQ
WL¿FUHVHDUFKHUVDQGWKHVKDULQJRIGDWDWRROVDQGUH
VXOWV$QRSHQKLJKSHUIRUPDQFHFRPSXWLQJLQIUDVWUXF














LV GDWD DUFKLYLQJ7KH16)PD\QHHG WR LQYHVW LQ D
ORQJWHUPFHQWUDOL]HGGDWDKRVWLQJUHSRVLWRU\DQGWR
GHYHORS D VHW RI FOLHQW SROLFLHV IRU GDWD VXEPLVVLRQ
DQGUHWULHYDO7KLVUHSRVLWRU\ZRXOGORZHUWKHEDUULHU
WR FROODERUDWLYH VFLHQFH XVLQJ16) IXQGHG GDWDVHWV
DQGHQVXUHWKHDFFHVVLELOLW\RIGDWDEH\RQGWKHIXQG
LQJ KRUL]RQ RI WKH LQLWLDO FROOHFWLRQ HIIRUW'LIIHUHQW
YLUWXDOREVHUYDWRU\LQLWLDWLYHVFRXOGWKHQEHEXLOWHQ

















RQZKDW WKH\ZDQW WRZRUNRQ IRUZKDWHYHU UHDVRQV
WKH\FKRRVHDQGLQGLYLGXDOVVRIWZDUHFRPSRQHQWVGLH





FRQWULEXWRUV ZRUN RQ WKH SLHFHV RI WHFKQRORJ\ WKH\
¿QGPRVW FRPSHOOLQJ ZKHWKHU LWV IRU SHUVRQDO UHD




WR IXQG DGGLWLRQDO WRRO GHYHORSPHQWRU WR LQWHJUDWH
WRROV LQWR D FRKHVLYH IUDPHZRUN :KDW VRIWZDUH
FRPSRQHQWV WR IXQG GLUHFWO\ FDQ EH D FRPSOLFDWHG
DVVHVVPHQW LQYROYLQJ DQ XQGHUVWDQGLQJ RI SURMHFW
PRPHQWXPDQGRYHUDOOKHDOWK(YHQLIVXFKDSUHIHU
HQFHLVHVWDEOLVKHGZKHQSRVVLEOH LW LVDSSURSULDWH
WR OHDYH URRPLQ WKHVKDUHG LQIUDVWUXFWXUH IRUFRP
SHWLQJ LGHDVRUDOWHUQDWLYH LPSOHPHQWDWLRQV WRH[LVW







ZKLFK OHWXV HYDOXDWHKRZDQGZKHQPDMRU FKDQJHV
DUH LQWURGXFHG$FRPPLWWHHRIHOHFWHG)HGRUDFRP








DZRUWKZKLOH UHIHUHQFHPRGHO IRU RUJDQL]LQJ D VXV
WDLQDEOHKLJKO\FROODERUDWLYHSURMHFWWKDWLQFRUSRUDWHV





















WKH WHQV RI WKRXVDQGV RI LQGLYLGXDO UHVHDUFKHUVZKR
DUHSRWHQWLDODGRSWHUV
6RIWZDUHVXVWDLQDELOLW\LQFOXGHVDWOHDVWWKUHHGLPHQ
VLRQV LQLWLDO GHYHORSPHQW DQG RQJRLQJ LQQRYDWLRQ
PDLQWHQDQFHDQGVXSSRUWRYHUWLPHRXWUHDFKDQGVXF
















SOH VRIWZDUH GHYHORSPHQW FDQ EH HLWKHU FHQWUDOL]HG
















GDWDDVVHWV ,QVWLWXWLRQDO UHSRVLWRULHV OLNHPXFKF\
EHULQIUDVWUXFWXUH FRPELQH RIIWKHVKHOI FRPSRQHQWV
GDWDEDVHV VHDUFK HQJLQHV PDUNXS ODQJXDJHV DQG
SURFHVVLQJ WRROV:HEEDVHG GDWD YLVXDOL]DWLRQ WRROV
HWFZLWK IHDWXUHVXQLTXH WR WKH UHVHDUFKHQWHUSULVH
6LQFHWKHFRPPRQVRIWZDUHLVW\SLFDOO\PDLQWDLQHGE\
RWKHUVHFWRUVZLWKVLPLODUQHHGVDQGPRUHUHVRXUFHV±



























7KH VXVWDLQDELOLW\ VWUDWHJ\ IRU LQVWLWXWLRQDO UHSRVLWR
ULHVDGGUHVVHVDOOWKUHHGLPHQVLRQVGHVFULEHGDERYH
)RU'6SDFHDQG)HGRUDVPDOOLQGHSHQGHQWDQGQRQ
SUR¿W IRXQGDWLRQV ZHUH FUHDWHG WR VXSSRUW WKH XVHU
FRPPXQLW\7KHVH IRXQGDWLRQV SURYLGH FRRUGLQDWLRQ












E\ WKHXVHU FRPPXQLW\ VR WKDW WKHFRVW DQG ULVNDUH
GLVWULEXWHGZLGHO\
 (QG XVHU RXWUHDFK DQG VXSSRUW LV SURYLGHG E\ WKH








RI VRIWZDUH GHYHORSPHQW RU PDLQWHQDQFH LWVHOI D
VXVWDLQDEOHHFRORJ\RIVWDNHKROGHUVFDQGHYHORSWKDW
LQFOXGHFRPPHUFLDOHQWLWLHVFRQWULEXWLQJWRWKHRYHU







FOXGH RWKHU GLVWULEXWHG DQG UHXVDEOH FRPSRQHQWV RI
F\EHULQIUDVWUXFWXUH LI WKHVH RUJDQL]DWLRQV GLUHFWO\
VXSSRUW WKH LQGLYLGXDO LQVWLWXWLRQV WKDW LQ WKHLU WXUQ
VXSSRUW LQGLYLGXDO UHVHDUFKHUV WKLV ZRXOG FUHDWH D
ÀH[LEOH RUJDQL]DWLRQ WR VXVWDLQ F\EHULQIUDVWUXFWXUH
VRIWZDUH LQGH¿QLWHO\ LQWR WKH IXWXUH 6LQFH VXFK RU
JDQL]DWLRQVFRXOGUHSUHVHQWDZLGHUDQJHRIVRIWZDUH







)LQDOO\ VXFKRUJDQL]DWLRQVZRXOGEH DEOH WRPDUNHW
WKH F\EHULQIUDVWUXFWXUH VRIWZDUH WR VHFWRUV RXWVLGH
VFLHQWL¿FUHVHDUFKZLWKFRPPRQQHHGVHJ¿QDQFLDO
HQHUJ\ WUDQVSRUWDWLRQ WR FUHDWH DQ HYHQ ULFKHU HFR
V\VWHPWRVXSSRUWWKHVRIWZDUHJRLQJIRUZDUG)RUDOO


































LQWR WKH FRQFHSWXDO IUDPHZRUNV RI HFRQRPLF WKHRU\








YLVLRQ XVXDOO\ FRPH IURP SURMHFW IRXQGHUV RU VPDOO
JURXSVRIVHQLRUGHYHORSHUV7REHVXVWDLQDEOHSURM




SURMHFWV LV QHHG IRU WKH SURGXFW DQG ZLOOLQJQHVV WR
















7KH LGHDO WUDQVLWLRQ LV RQH LQZKLFK WKH FRPPXQLW\
RIGHYHORSHUVLVXQSHUWXUEHGDWUDQVLWLRQWKDWLVSRV
VLEOHRQO\ LI SURMHFWV HPEUDFHRSHQ VRXUFHGHYHORS
PHQWYHU\HDUO\7KHODWHUWKDWSURMHFWVPRYHWRRSHQ
VRXUFH GHYHORSPHQW WKH JUHDWHU WKH FKDQJH WKDW WKH
GHYHORSPHQW FRPPXQLW\ XQGHUJRHV DQG WKH JUHDWHU
WKHFKDQFHWKDWWKHFRPPXQLW\GLVLQWHJUDWHV7KHPRVW
H[WUHPHWUDQVLWLRQLVRQHLQZKLFKWKHRULJLQDOGHYHO




QDEOH WRRSHQ VRXUFHGHYHORSPHQW HDUO\ LQ OLIH":H
DVVHUW WKDW WKH RSHQ VRXUFH SDWK WR VXVWDLQDELOLW\ LV
EHWWHUVXLWHGWRLQIUDVWUXFWXUHSURMHFWVWKDQLWLVWRUH
VHDUFKSURMHFWV7KHJRDORILQIUDVWUXFWXUHSURMHFWVLV
WR FUHDWH VRPHWKLQJXVHIXO WKDWZLOO LQGHHGEHXVHG
DQGWKHUHLVQRUHDVRQWRGHOD\WKHSURFHVVRIEXLOG



















WKH XQGHUVWDQGLQJ WKDW RQO\ WKH FRQFHSWV ZLOO KDYH
EHHQGHPRQVWUDWHGDQGWKDWFRGHVZLOOQHHGWREHUH
ZULWWHQ IURP VFUDWFK EHFDXVH UHVHDUFKHUV URXWLQHO\
VDFUL¿FHSULQFLSOHVRIVRIWZDUHHQJLQHHULQJIRUVSHHG
LQGHPRQVWUDWLQJFRQFHSWV
7KH VHFRQG DVSHFW RI WKH WUDQVLWLRQ IURP D VXSSRUW
HGSURMHFWWRDSURMHFWWKDWLVVXVWDLQHGWKURXJKRSHQ
VRXUFH GHYHORSPHQW LV WKH FKDQJH IURP EHLQJ VXV
WDLQHGE\IXQGLQJWREHLQJVXVWDLQHGE\FRQWULEXWLRQV
RIHIIRUW7KHTXHVWLRQVDUHZKDWFRQGLWLRQVDUHQHF
HVVDU\ IRU LQGHSHQGHQFH DQG ZKDW IXUWKHU GHYHORS
PHQWGRIXQGLQJDJHQFLHVZDQWWRVXSSRUW")URPWKH
YLHZSRLQWRIDSURMHFWPRUHIXQGLQJIRUORQJHUSHULRGV
RI WLPH VKRXOG DOZD\V EH EHWWHU EHFDXVH WKH SURMHFW
VKRXOGEHDEOHWRSURGXFHPRUHIXQFWLRQDOLW\VRRQHU



















2SHQ 6RXUFH VRIWZDUH 266 SUHVHQWV D QXPEHU RI
XQLTXHEHQHÀWV WR WKH&\EHULQIUDVWUXFWXUH&,FRP
PXQLW\ 7KHVH LQFOXGH LQFOXGH ORZ FRVWV IRU VRIW
ZDUHGLVWULEXWLRQDIWHULQLWLDOGHYHORSPHQWDELOLW\WR
DOWHU VRIWZDUH WR ÀW QHZ UHTXLUHPHQWV DFFHVVLELOLW\
RIVRXUFHFRGHHYHQDIWHUSURMHFWVHQGDQGDFROODE
RUDWLYH PRGHO RI GHYHORSPHQW ,Q DGGLWLRQ 266 LV






RI FRPPXQLW\ GHYHORSPHQW DURXQG 266 SURMHFWV
WKH SURMHFW FHQWHUHG FRPPXQLW\ DQG WKH IRXQGDWLRQ












IRXQGDWLRQ YLD DQ DFFHSWDQFH SURFHVV DQG SRWHQWLDO
SDUWLFLSDQWVKDYHDEHWWHUXQGHUVWDQGLQJRIKRZSURM
HFWVZRUNEDVHGRQWKHLU IDPLOLDULW\ZLWKRWKHUSURM

















HUQPHQW DJHQF\ LW LV DFFRXQWDEOH IRU UHGXFLQJ FRVWV
DVPXFKDVSRVVLEOHVSRQVRULQJWKHFUHDWLRQRI266
DOORZV IRU WKH 16) WR EXGJHW IRU GHYHORSPHQW DQG
PDLQWHQDQFHUDWKHUWKDQUHO\LQJRQYHQGRUV·SURPLVHV
WKDWOLFHQVLQJIHHVZLOOQRWFKDQJHDQGUHGXFHORFNLQ
WR YHQGRU OLFHQVHV$GGLWLRQDOO\ WKH KLJKO\ VSHFLDO
L]HG QDWXUH RI &\EHULQIUDVWUXFWXUH VRIWZDUH SURMHFWV












7KH IRXQGDWLRQ FRPPXQLW\ LV GHPRQVWUDWHG EHVW
E\IRXQGDWLRQVVXFKDV WKH$SDFKH)RXQGDWLRQ WKH
0R]LOOD)RXQGDWLRQDQGWKH)UHH6RIWZDUH)RXQGD





WXUH DQG SULQFLSOHV IRU GHYHORSPHQW GHVFULEHG DV
´7KH$SDFKH:D\µ FROODERUDWLYH VRIWZDUH GHYHO
RSPHQWFRPPHUFLDOIULHQGO\VWDQGDUGOLFHQVHFRQ








IRUPDQFH WR WKH )RXQGDWLRQ·V SULQFLSOHV³DQG DV D
´GRRFUDF\µLQLWLDWLYHVDUHSXUVXHGE\WKRVHZLOOLQJ





FRPPXQLW\ FUHDWH VWDEOH H[SHFWDWLRQV IRU SRWHQWLDO














RI IRXQGDWLRQV FDQ WDNH DGYDQWDJH RI HFRQRPLHV RI
VFDOH)LQDOO\DIRXQGDWLRQVXFKDVWKH$6)EHFRPHV











266 GHYHORSPHQW&, SURMHFWV XVLQJ WKLVPRGHO DUH
PRUHOLNHO\WREHVXVWDLQDEOHEHFDXVHRIWKHVWDELOLW\
WKDWLVHQVXUHGE\LQWHUDFWLQJZLWKDIRXQGDWLRQUDWK
HU WKDQ D SRSXODWLRQ RI ORRVHO\ UHODWHG SURMHFWV %\
VSRQVRULQJRUZRUNLQJZLWKIRXQGDWLRQVWKDWDGGUHVV
D JLYHQ SUREOHP RU LVVXH&, RUJDQL]DWLRQV DUH DEOH
WRLGHQWLI\DQGDGGUHVVVSHFLÀFTXHVWLRQVRXWVLGHWKH
JHQHUDO266SURMHFWSRSXODWLRQ)LQDOO\IRXQGDWLRQV









ZDUH 16) FDQ DFWLYHO\ VHHN WR FUHDWH YLD IXQGLQJ























RI&, VRIWZDUHZRXOG EH WR FRQWULEXWH WR LQGLYLGXDO
SURMHFWVZKLFKDUHSDUWRIDQH[LVWLQJIRXQGDWLRQRU
WR VWLSXODWHPHPEHUVKLS LQ D IRXQGDWLRQ DV D FRQGL
WLRQRIIXQGLQJ7KLVUHGXFHVFRQVLGHUDEO\WKHDPRXQW



























7KH &RDOLWLRQ IRU$FDGHPLF 6FLHQWLÀF &RPSXWDWLRQ



























































H[SHFWHG WREHXVHGD UHODWLYHO\ IHZ WLPHVDQG WDN
LQJ WKH WLPH WRPRGLI\ WKHVH FRGHV VR WKDW WKH\ DUH
UHDVRQDEO\HDV\WRXQGHUVWDQGLVJHQHUDOO\FRQVLGHUHG
RUWKRJRQDO WR WKH SULPDU\ OLQH RI VFLHQWLÀF LQTXLU\
)RXUWKWDNLQJWKHWLPHWRWUDQVLWLRQFRGHIURP´XVHU


















GHPRQVWUDWHG DQ RQJRLQJ FRPPLWPHQW WR VRIWZDUH
GHYHORSHGXQGHU1,+IXQGLQJ>@DQGLVUHDSLQJWKH
EHQHÀWVRIWKDWLQYHVWPHQW
7KH &RXQFLO RQ &RPSHWLWLYHQHVV &R& KDV UHFRJ
QL]HGWKHLPSRUWDQFHRI+3&LQWKHSULYDWHVHFWRUZLWK
LWV+3&LQLWLDWLYHVLQFHIRFXVLQJRQJDLQLQJDQ






VHFWRU +3& XVHUV +3& YHQGRUV DQG SXEOLF VHFWRU
IXQGHUVRI+3&5	'WRFUHDWHDIUDPHZRUNIRUDFWLRQ
WR VWLPXODWH WKHFUHDWLRQRIQHHGHG+3&DSSOLFDWLRQ
VRIWZDUH >@ 3DUWLFLSDQWV GLVFXVVHG WKH FKDOOHQJHV
RIPDLQWDLQLQJDQGFUHDWLQJ+3&DSSOLFDWLRQVRIWZDUH
VXLWDEOHIRUDFRPSHWLWLYHFRUSRUDWH´SURGXFWLRQµHQ
YLURQPHQW WKH VWDWHRI WKH ,69DSSOLFDWLRQVRIWZDUH
PDUNHWDQGWKHUROHRIJRYHUQPHQWXQLYHUVLWLHVDQG
QDWLRQDO ODERUDWRULHV WR KHOS DFFHOHUDWH GHYHORSPHQW
RI QHZ DQGRU XSGDWHG FRGH 6XEVHTXHQWO\ D &R&
'$53$ ´6WXG\ RI ,QGHSHQGHQW 6RIWZDUH 9HQGRUV
,69V 6HUYLQJ WKH +LJK 3HUIRUPDQFH &RPSXWLQJ
0DUNHWµ IRXQG WKDW WKHEXVLQHVVPRGHO IRU+3&DS
SOLFDWLRQVRIWZDUHLVIDVWGLVDSSHDULQJDVWKHUHLVDQ
LQFUHDVLQJ QHHG IRU H[SHQVLYH ORQJWHUP GHYHORS
PHQW RI KLJKO\ VFDODEOH FRGHV >@:KLOH LQGXVWU\





7KHSURJUDPV VSRQVRUHGE\16) UHJXODUO\ JHQHUDWH
UHVHDUFKVRIWZDUH LQHYHU\DUHDRIVFLHQFHDQGHQJL
QHHULQJ,QRUGHUWRUHDSJUHDWHUEHQHÀWIURPWKLVVRIW
ZDUH 16) VXVWDLQDEOH F\EHULQIUDVWUXFWXUH VRIWZDUH
SROLFLHV VKRXOG EH FUHDWHG RU UHHYDOXDWHG LQ WHUPV




HHV RU SURSRVHPRGHOV WKDW GR QRW UHÁHFW D UHDOLVWLF
ORQJWHUPDSSURDFKWRVRIWZDUHVXVWDLQDELOLW\
7ZR FRPSOHPHQWDU\ HIIRUWV VKRXOG EH FRQVLGHUHG
)LUVW WKH UHVHDUFK FRPPXQLW\PXVW EH HQJDJHG DQG







EH HQJDJHG DQG HQFRXUDJHG WR SURGXFH ´WUDQVL
WLRQUHDG\µ VRIWZDUH 7KH WHUP ´WUDQVLWLRQUHDG\µ
VRIWZDUH LVPHDQW WR UHIHU WR VRIWZDUH WKDW LV UHDG\
WREHKDQGHG WR WKHEURDGHUFRPPXQLW\SHUKDSV LQ
QRPLQDOO\XVHIXO IRUP VR WKDW WKH VRIWZDUH FDQEH
SUHVHUYHG LQ RUGHU WR FRQVLGHU LW IRU IXUWKHU GHYHO
RSPHQWHIIRUW7UDQVLWLRQUHDG\VRIWZDUHZLOO OLNHO\
ODFNWKHUREXVWQHVVXVHULQWHUIDFHDQGSRUWDELOLW\RI





RSHQ VRXUFH FRPPXQLW\ WKLV LV FRPPRQO\ GRQH E\
HPEHGGLQJ FRPPHQWV LQ WKH FRGH DQG WKHQ XVLQJ
DXWRPDWHGWRROVWRH[WUDFWWKHFRPPHQWVLQRUGHUWR
IRUPUXGLPHQWDU\PDQXDOV8VLQJ-DYD'RF>@IRU
H[DPSOH FRPPHQWV DUH H[WUDFWHG PDVVDJHG DQG








ZRUN RQ H[WUHPHO\ ODUJH FRGHV WKDW DUH VRPHWLPHV
GHYHORSHGE\WKH+3&FRPPXQLW\
:HEHOLHYHD ORJLFDODSSURDFKIRU WKH16)LV WRHQ
JDJH WKH F\EHULQIUDVWUXFWXUH DQG FRPSXWDWLRQDO VFL
HQFHUHVHDUFKFRPPXQLW\LQFUHDWLQJWUDQVLWLRQUHDG\
VRIWZDUH VLQFH WKHRULJLQDO UHVHDUFK WHDPPXVWSHU
IRUP WKH HDUO\ VWHSV RI UHVHDUFK FRGH WUDQVIHU :H





XQGHUVWDQGV WKHGLVFLSOLQH WKHDOJRULWKP WKH LPSOH
PHQWDWLRQDQGWKHVXFFHVVFULWHULDRIWKHUHVHDUFKFRGH
$GGLWLRQDO VRIWZDUH WUDQVLWLRQ IXQGLQJ FRXOG EH
SURYLGHG DV SDUW RI DQ LQGLYLGXDO SURJUDP·V  VROLFL
WDWLRQ DQG SURSRVDO UHYLHZ SURYLGHG WKDW DGHTXDWH















5HFRPPHQGDWLRQ  WKH 16) VKRXOG VXSSRUW D
PRGHVW QXPEHU RI VXVWDLQDEOH VRIWZDUH GHYHORS
PHQW WHDPV DQG D QDWLRQDO UHSRVLWRU\ RI +3&
VRIWZDUH &URVVGLVFLSOLQDU\ VRIWZDUH HIIRUWV PXVW
EH XQGHUWDNHQ WR GLVFRYHU GHYHORS KDUGHQ DQG
DGDSW VHOHFW UHVHDUFK FRGHV LQWR SURGXFWLRQ FRGH
IRUEURDGHUVFLHQWLÀFXVHDQGIRUHFRQRPLFGHYHO
















FKLWHFWXUH WKDWZLOO DOVR SURPRWH JRRG FRGH GHVLJQ
VRIWZDUHWUDQVIHUVXSSRUWWRPDWXUHVXFFHVVIXOUH
VHDUFKFRGHV IRU WUDQVLWLRQ WR WKHSULYDWHVHFWRUDQG
RXWUHDFKWHDPVWRZRUNZLWKDFDGHPLDDQGLQGXV




7R EHJLQ WKLV SURFHVVZH UHFRPPHQG FRQGXFWLQJ D
QDWLRQDO&,UHYLHZDQGDVVHVVPHQW 3HQGLQJ WKHUH
VXOWVRIWKHVWXG\WKH16)VKRXOGZRUNLQSDUWQHUVKLS








KDYH WR GR WKHKDUGHQLQJRI FRGHZKHQ WKHRULJLQDO
GHYHORSHULVQRWDYDLODEOH2WKHUWLPHVWKH\ZLOORYHU
VHHWKHKDUGHQLQJSURFHVV,QWKHHQGDFFRXQWDELOLW\







&, VRIWZDUH GHYHORSPHQW WHDPVZRUNLQJ LQ SDUWQHU
VKLSZLWKUHJLRQDOFHQWHUVRUUHVRXUFHSURYLGHUVWRGH
YHORSVRIWZDUHWKDWFDQEHVXFFHVVIXOO\GHSOR\HG7KLV






RQJRLQJ IXQGLQJ/DVWO\ WKH(27EXGJHW VKRXOG EH













LVGLUHFWO\ LQ OLQHZLWK WKH16)PLVVLRQDQGZRXOG




>@ 7KH 16) 0LVVLRQ KWWSZZZQVIJRYQVIQVI
SXEVVWUDSODQPLVVLRQKWP16)7HFKQLFDO5HSRUW
>@ 6LPXODWLRQ%DVHG (QJLQHHULQJ 6FLHQFH 5HYROX
WLRQL]LQJ (QJLQHHULQJ 6FLHQFH WKURXJK 6LPXODWLRQ



























$GYDQFHG 5HVHDUFK 3URMHFWV $JHQF\µ KWWSZZZ
FRPSHWHRUJSXEOLFDWLRQVGHWDLO
>@-DYD'RFKWWSMDYDVXQFRPMVHMDYDGRF
>@ +LJK 3HUIRUPDQFH &RPSXWLQJ 0RGHUQL]DWLRQ












WDLQDEOH F\EHULQIUDVWUXFWXUH VRIWZDUH SHUVSHFWLYHV




6FLHQWL¿F DSSOLFDWLRQV DQG H[SHULPHQWV DUH EHFRP
LQJ LQFUHDVLQJO\ FRPSOH[ DQG PRUH GHPDQGLQJ LQ
WHUPVRIFRPSXWDWLRQDODQGGDWDUHTXLUHPHQWV/DUJH
H[SHULPHQWV VXFK DV KLJKHQHUJ\ SK\VLFV VLPXOD
WLRQVJHQRPHPDSSLQJDQGFOLPDWHPRGHOLQJJHQ
HUDWH GDWD YROXPHV UHDFKLQJ KXQGUHGV RI WHUDE\WHV
SHU \HDU 'DWD FROOHFWHG IURP UHPRWH VHQVRUV DQG
VDWHOOLWHV G\QDPLF GDWDGULYHQ DSSOLFDWLRQV GLJLWDO
OLEUDULHV DQG SUHVHUYDWLRQV DUH DOVR SURGXFLQJ H[
WUHPHO\ ODUJH GDWDVHWV IRU UHDOWLPH RU RIÀLQH SUR
FHVVLQJ7RRUJDQL]HDQGDQDO\]H WKHVHGDWD VFLHQ
WLVWV DUH WXUQLQJ WR GLVWULEXWHG UHVRXUFHV RZQHG E\
FROODERUDWLQJSDUWLHVRUQDWLRQDOIDFLOLWLHVWRSURYLGH
WKH FRPSXWLQJ SRZHU DQG VWRUDJH FDSDFLW\ QHHGHG
%XW WKH XVH RI GLVWULEXWHG UHVRXUFHV LPSRVHV QHZ






$OWKRXJK WKURXJK WKH XVH RI GLVWULEXWHG UHVRXUFHV
WKH LQVWLWXWLRQV DQG RUJDQL]DWLRQV JDLQ DFFHVV WR WKH
UHVRXUFHV QHHGHG IRU WKHLU ODUJHVFDOH DSSOLFDWLRQV
FRPSOH[ PLGGOHZDUH LV UHTXLUHG WR RUFKHVWUDWH WKH
XVHRI WKHVHFRPSXWHVWRUDJHDQGQHWZRUNUHVRXUF















7UDGLWLRQDO GLVWULEXWHG FRPSXWLQJ V\VWHPV FORVHO\
FRXSOH GDWD KDQGOLQJ DQG FRPSXWDWLRQ 7KH\ FRQ
VLGHU GDWD UHVRXUFHV DV VHFRQG FODVV HQWLWLHV DQG
DFFHVVWRGDWDDVDVLGHHIIHFWRIFRPSXWDWLRQ'DWD
SODFHPHQW LH DFFHVV UHWULHYDO DQGRUPRYHPHQW
RIGDWD LVHLWKHUHPEHGGHGLQ WKHFRPSXWDWLRQDQG
FDXVHVWKHFRPSXWDWLRQWRGHOD\RULVSHUIRUPHGE\

















DVZRUNÀRZSODQQLQJ UHVRXUFH DOORFDWLRQ DQG VWRU
DJHPDQDJHPHQWDQGRSWLPL]DWLRQRIGDWDPRYHPHQW




16)V µ&\EHULQIUDVWUXFWXUH 9LVLRQ IRU VW &HQWXU\¶
VWDWHV ³7KH QDWLRQDO GDWD IUDPHZRUN PXVW SURYLGH
6XVWDLQDELOLW\%RRNLQGG $0

IRU UHOLDEOH SUHVHUYDWLRQ DFFHVV DQDO\VLV LQWHURS
HUDELOLW\ DQG GDWD PRYHPHQW >@´7KH GDWDDZDUH
GLVWULEXWHG FRPSXWLQJ SDUDGLJP ZLOO HVSHFLDOO\ DG
GUHVVWKHVHLPSRUWDQWLVVXHVDQGDGYDQFHVLQWKLVDUHD










&OLPDWH &KDQJH 6FLHQFH 3URJUDP &&63¶ RQH RI
WKHPDLQ REMHFWLYHV RI WKH IXWXUH UHVHDUFK SURJUDPV













SHUIRUP WKHLU UHVHDUFK E\ IDFLOLWDWLQJ UDSLG DQDO\VLV
DQG VKDULQJRI UDZGDWD DQG UHVXOWV)XWXUH DSSOLFD
WLRQVZLOOEHDEOH WRUHO\RQWKLVQHZWUDQVIRUPDWLYH
SDUDGLJPWRPDQDJHGDWDPRYHPHQWDQGVWRUDJHUHOL
DEO\ HI¿FLHQWO\DQG WUDQVSDUHQWO\7KH LPSDFWHGDS
SOLFDWLRQDUHDVZLOO LQFOXGHDOO WUDGLWLRQDOO\FRPSXWH
LQWHQVLYH GLVFLSOLQHV IURP VFLHQFH DQG HQJLQHHULQJ











DQG VWRUDJH UHVRXUFHV 6WRUN LQWURGXFHG WKH FRQFHSW
WKDWWKHGDWDSODFHPHQWDFWLYLWLHVLQDGLVWULEXWHGFRP
SXWLQJHQYLURQPHQWQHHGWREH¿UVWFODVVHQWLWLHVMXVW











LQJ WDVNVDUH WUHDWHG´DQGUHIHUUHG WR WKH6WRUNGDWD
VFKHGXOHU>@
$QRWKHUSURMHFWEDVHGRQWKHVDPHLGHDLV WKH3HWD
6KDUH GLVWULEXWHG GDWD DUFKLYDO DQDO\VLV DQG YLVX






XVH RI GDWDDZDUH VWRUDJH DQG VFKHGXOLQJ WHFKQROR
JLHVWRWUDQVSDUHQWO\DQGHI¿FLHQWO\HQDEOHPRUHWKDQ
¿IW\VHQLRUUHVHDUFKHUVDQGWZRKXQGUHGJUDGXDWHDQG







/DVW \HDU UHVHDUFKHUV IURP DURXQG WKH ZRUOG FDPH
WRJHWKHU DW WKH ¿UVW LQWHUQDWLRQDOZRUNVKRS RQ GDWD
DZDUH GLVWULEXWHG FRPSXWLQJ '$'&¶ WR GLVFXVV
WKLVQHZFRPSXWLQJSDUDGLJPDQGLWVLPSDFWRQODUJH
VFDOHFRPSOH[DSSOLFDWLRQVZZZFFWOVXHGXaNRVDU
GDGF '$'&¶ ZDV KHOG LQ FRQMXQFWLRQ ZLWK
+3'&¶ DQG H[SORUHG HVSHFLDOO\ WKH SUREOHPV LQ
GDWDDZDUHVFKHGXOLQJUHVRXUFHDOORFDWLRQPHWDGDWD
FROOHFWLRQZRUNÀRZPDQDJHPHQWDQGYLVXDOL]DWLRQ










,Q LWV µ&\EHULQIUDVWUXFWXUH9LVLRQ IRU VW&HQWXU\¶
16) DOUHDG\ DFNQRZOHGJHV WKH LPSRUWDQFH RI WHFK
QRORJLHVIRUUHOLDEOHDQGHI¿FLHQWGDWDPRYHPHQWDF
FHVVDQGDQDO\VLV:HEHOLHYHWKDW16)VKRXOGJLYH
YHU\ KLJK SULRULW\ WR VXSSRUW DQGPDLQWDLQ VRIWZDUH
LQWKHVHDUHDVVLQFH³,QWKHIXWXUH86LQWHUQDWLRQDO
OHDGHUVKLS LQ VFLHQFH DQG HQJLQHHULQJ ZLOO LQFUHDV
LQJO\GHSHQGXSRQRXUDELOLW\WROHYHUDJHWKLVUHVHU
YRLURI VFLHQWL¿FGDWDFDSWXUHG LQGLJLWDO IRUP>@´
7KH DGYDQFHPHQW LQ GDWDDZDUHGLVWULEXWHG FRPSXW
LQJ ZLOO FDSLWDOL]H 16)¶V LQYHVWPHQWV RQ 7HUD*ULG
'DWD1HWV DQG RWKHU ODUJHVFDOH F\EHULQIUDVWUDFWXUH
DQG FRPSXWDWLRQDO VFLHQFH HIIRUWV DQGZLOO GLUHFWO\
LPSDFWVFLHQWL¿FLVFRYHU\DQGHFRQRPLFGHYHORSPHQW
LQWKHQDWLRQ,WZLOOJUHDWO\VWUHQJWKHQDEURDGUDQJH
RI UHVHDUFK HQJLQHHULQJ DQGGHYHORSPHQW DFWLYLWLHV































:H VXEPLW WKLV SRVLWLRQ SDSHU RQ VRIWZDUH VXVWDLQ
DELOLW\ EDVHG RQ RXU QHDUO\  \HDUV RI H[SHULHQFH
LQGHVLJQLQJGHYHORSLQJGLVWULEXWLQJDQGGHSOR\LQJ
F\EHULQIUDVWUXFWXUHVRIWZDUHWKDWLVEHLQJXVHGDFURVV
WKH ZRUOG 7KH 'DWD ,QWHQVLYH &\EHU (QYLURQPHQW
',&(SUHYLRXVO\FDOOHGWKH'DWD,QWHQVLYH&RPSXW
LQJ (QYLURQPHQW*URXS KDV GHYHORSHG WKH 6WRUDJH
5HVRXUFH%URNHU65%DQGLQWHJUDWHG5XOH2ULHQWHG
'DWD 6\VWHPV L52'6 VRIWZDUH 7KHVH GDWD JULGV
VXSSRUW GDWD YLUWXDOL]DWLRQ DQG GDWD VKDULQJ DFURVV
KHWHURJHQHRXVVWRUDJHV\VWHPV
:KDW NLQGV RI VRIWZDUH DUHPRVW LPSRUWDQW WR




6FLHQWL¿FUHVHDUFK LVEDVHGXSRQ WKHDELOLW\ WRFRP
SDUH WKHRU\ DQG VLPXODWLRQV ZLWK H[SHULPHQWDO DQG
REVHUYDWLRQDO GDWD7KHGDWD DUH DVVHPEOHG LQ UHIHU
HQFHFROOHFWLRQVWRHQDEOHFRPSDULVRQRIIXWXUHDQDO\
VHV ZLWK WKH FXUUHQW VWDWHRIWKHDUW XQGHUVWDQGLQJ
7KHUHIHUHQFHFROOHFWLRQVDUHSXEOLVKHGIRUXVHE\WKH
HQWLUHVFLHQWL¿FGLVFLSOLQH7KLVSURFHVVLVXVHGE\DOO
VFLHQFH GLVFLSOLQHV WR GRFXPHQW VFLHQWL¿F SURJUHVV
DQGIDFLOLWDWHH[FKDQJHRINQRZOHGJH
7KHVFDOHRIWKHVFLHQFHUHVHDUFKTXHVWLRQVKDVJURZQ
PDVVLYHO\ERWK LQ WHUPVRI WKHQXPEHURI UHVHDUFK
HUVZKRFROODERUDWHWKHFRVWRIWKHHTXLSPHQWQHHGHG
WR FRQGXFW H[SHULPHQWV WKH FRVW RI WKH VHQVRUV WKDW













UDWHV DUH RQO\ LQFUHDVHGZKHQ VLJQL¿FDQW HYHQWV DUH
GHWHFWHG5HIHUHQFHFROOHFWLRQVDUHPLJUDWHGWRPRUH
FRVWHIIHFWLYHKDUGZDUHDQGGDWDDGPLQLVWUDWLRQWDVNV







DQG PDLQWHQDQFH ,Q SDUWLFXODU F\EHULQIUDVWUXFWXUH
VRIWZDUHLVQHHGHGWKDWPDQDJHVVKDUHGFROOHFWLRQVIRU
WKHUHVHDUFKWHDPVPDQDJHVGDWDGLVWULEXWLRQIRUODUJH
H[SHULPHQWVPDQDJHV UHDOWLPH VHQVRU GDWD VWUHDPV
IRUREVHUYDWRULHVDQGEXLOGVGLJLWDO OLEUDULHVRIVLP
XODWLRQV UHVXOWV 7KH F\EHULQIUDVWUXFWXUH VRIWZDUH




LV D GDWD JULG'DWD JULGV IRUP D NH\ FRPSRQHQW RI
F\EHULQIUDVWUXFWXUH
:KDWPRGHOVIRUVXVWDLQDELOLW\DQGPDLQWHQDQFH
RIVRIWZDUHH[LVW LQGHSHQGHQWRI IHGHUDO IXQGLQJ














  7KH LPSRUWDQFHRID VXVWDLQDEOHXVHUEDVHFDQQRW
EH RYHU HPSKDVL]HG IRU D VRIWZDUH V\VWHP$OVR LQ
WKHFDVHRIRSHQVRXUFHVRIWZDUHDQH[SDQGLQJXVHU




VXSSRUW LQ WKH IROORZRQ \HDUV DIWHUPDMRU GHYHORS
PHQWKDYHEHHQFRPSOHWHG
,QDVFLHQWL¿FUHVHDUFKVHWWLQJDVSURPRWHGE\16)
RQH RI WKH EHVW ZD\V WRPDNH VXUH WKDW VRIWZDUH LV






G SURYLGH DQ H[SDQGLQJ DUUD\ RI IHDWXUHV WKDW
KHOSVWKHLUVFLHQWL¿FHQGHDYRU
$V\VWHPWKDW LVYHU\HDV\ WR LQVWDOODGPLQLVWHUDQG
XVHZLOOOHDGWRZLGHUDGRSWLRQE\DEURDGHUDXGLHQFH






%XWDV WLPHJRHVRQ WKHDGRSWLRQRIPRUH LQYROYHG
IHDWXUHVWKDWKHOSLQDGYDQFLQJWKHLUUHVHDUFKZLOOEH
FRPHHDVLHURQFHWKH\NQRZDQGWUXVWWKHV\VWHP
$W WKHVH VWDJHV WR PLQLPL]H IUXVWUDWLRQ RQH QHHGV
VWURQJ XVHU VXSSRUW IRU PXOWLSOH OHYHOV RI H[SHUWLVH
















$GDSWDELOLW\ DOVR PHDQV WKDW D VFLHQWLVW FDQ EXLOG
WKHLU VROXWLRQXVLQJ WKH YDULRXV EXLOGLQJEORFNV WKDW
DUH SURYLGHGE\ WKH VRIWZDUHSDFNDJH$ OHJREORFN


















:H KDYH IRXQG WKDW WKLV DSSURDFK WKRXJK XVHIXO LQ
DQ LQGXVWULDO VHWWLQJ GRHVQRWZRUNZHOO LQ D VFLHQ
WL¿F DUHQD:KDW LV QHHGHG LV DQ RUJDQLF DSSURDFK





ELW IUXVWUDWLQJEXW WKH IDVW WXUQDURXQG IHHGEDFNZLOO





WLQXRXVO\ LQ WKH ODUJHVFDOH GHVLJQ 7KH VKRUWF\FOH
6XVWDLQDELOLW\%RRNLQGG $0











ZLWK VXSSRUW IRU LQGXVWULDO VWUHQJWK VRIWZDUH RU D
VRIWZDUHIRXQGDWLRQLQGHSHQGHQWRIWKHGHYHORSPHQW
WHDPZKHUHLWFDQEHPDLQWDLQHGDQGVXVWDLQHG
0RUHRYHU WKLVDOVR UHOLHYHV WKHGHVLJQHUV IURPVXS
SRUWLQJ WKH VRIWZDUH IRU ORQJ SHULRGV RI WLPH7KH\
FDQ PRYH RQ WR GHYHORSLQJ F\EHULQIUDVWUXFWXUH WKDW
FDQEHDPDMRUH[WHQVLRQWRWKHFXUUHQWV\VWHP±VXFK






7KH ',&( WHDP KDV PRUH WKDQ  SHUVRQ\HDUV RI
VRIWZDUHGHYHORSPHQWDQGGHSOR\PHQWH[SHULHQFHLQ
F\EHULQIUDVWUXFWXUH ,Q RXU DSSURDFK WR VRIWZDUH GH




LVVXHG IRU DGRSWLRQ LQ WKHZLGHVSUHDG13$&,SDUW
QHUVKLS.H\IHDWXUHVRIVRIWZDUHVXVWDLQDELOLW\EXLOW
LQWR65%LQFOXGHV
















 EHLQJ YHQGRU DJQRVWLF DQG SODWIRUPLQGHSHQGHQW
(YHQ WKRXJK WKH V\VWHPZDVGHYHORSHGXVLQJ WKH&















2QH RI WKHPDLQ RXWFRPHV RI VHYHUDO \HDUV RI 65%
GHYHORSPHQWLVWKDWZHVDZDQHHGIRUDPDMRUSDUD
GLJPVKLIW7KHXVHUUHTXHVWVIRUQHZIHDWXUHVEHFDPH













DQG ZRUNÀRZV$Q LQWULJXLQJ DVSHFW RI WKH L52'6



























:KDW UROH VKRXOG WKH 16) DQG RWKHU IXQGLQJ
DJHQFLHVKDYHLQVXVWDLQLQJIXQGLQJIRULPSRUWDQW
VRIWZDUH"+RZ FDQ IHGHUDO DJHQFLHV EHVW FRRUGL
QDWHDQGDFKLHYHHI¿FLHQFLHVRIVFDOH"
   $JHQFLHVVKRXOGSURYLGH IXQGLQJ IRUFRUHGHYHO






 $UH WKHUH GDQJHUV WKDW KHDY\ VXSSRUW RI RQH
SDUWLFXODURSHQVRXUFH V\VWHPZLOO VWLÀHGLYHUVLW\












EHWZHHQ VROXWLRQV WKHQ WKHEHVW VROXWLRQ PRVW FRVW
HIIHFWLYH DQG KDYLQJ WKH UHTXLUHG IHDWXUHV ZLOO EH
VHOIVHOHFWHG E\ WKH XVHU FRPPXQLW\ 6RIWZDUHPXVW
EHZLGHO\XVHG LI LW LV WREHFRPHJHQHULF LQIUDVWUXF
WXUH:LWKLQ WKH DFDGHPLF FRPPXQLW\ RSHQ VRXUFH
VRIWZDUHLVVWURQJO\SUHIHUUHGEHFDXVHLWFDQEHPRGL
¿HG WR PHHW SURMHFW VSHFL¿F UHTXLUHPHQWV LV IUHHO\
DYDLODEOHDQGLVDEOHWRUDSLGO\HYROYHWRLQFRUSRUDWH
QHZPHWKRGRORJLHV+RZHYHURSHQVRXUFH VRIWZDUH









VRXUFH DQG FRPPXQLW\ VRXUFH VRIWZDUH EH HP
SOR\HGWRKHOSDGYDQFH16)JRDOV"
5HVHDUFKQRZLVFRQGXFWHGDWDQLQWHUQDWLRQDOVFDOH
6RIWZDUH V\VWHPV DUH QHHGHG WKDW DUH XVHG LQ VXS
SRUWRILQWHUQDWLRQDOUHVHDUFKFROODERUDWLRQV7KHUHLV
D FRUUHVSRQGLQJ FRPPLWPHQW WR LQWHUQDWLRQDO GHYHO
RSPHQW FROODERUDWLRQV'DWD FROOHFWLRQVQRZDUH DV
VHPEOHGRQDJOREDOEDVLVZLWKREVHUYDWLRQVRXUFHV
VFDWWHUHG DURXQG WKH ZRUOG UHVHDUFKHUV GLVWULEXWHG
DFURVVPXOWLSOH FRQWLQHQWV DQG VRIWZDUH GHYHORSHUV
GLVWULEXWHGDFURVVPDQ\FRXQWULHV,QSDUWLFXODUGDWD
JULGV DUH GHSOR\HG DV QDWLRQDO LQIUDVWUXFWXUH WKDW WLH




YHORSHUV LQ (XURSH WKH86 WKH )DU (DVW DQG$XV
WUDOLD 7KHVH LQFOXGH FOLHQWV IRU DFFHVVLQJ WKH GDWD
JULGVHFXULW\H[WHQVLRQVWRLPSURYHLQWHUDFWLRQVZLWK
JULG VRIWZDUHPLFURVHUYLFHV IRU GDWDPDQLSXODWLRQ





















EH FRQVWDQWO\ FRQVLGHUHG GXULQJ VRIWZDUH GHYHORS





VKRXOG IRVWHU WKH FUHDWLRQ RI VXVWDLQDEOH JULG LQIUD
VWUXFWXUHVRIWZDUHE\IRFXVLQJRQWKHIROORZLQJDUHDV
 JULG LQIUDVWUXFWXUH VWDQGDUGV  LQWHURSHUDELOLW\
WHVWLQJVRIWZDUHLQFXEDWLRQDQGVRIWZDUHSURG
XFWGHYHORSPHQW
6WDQGDUGV DUH GH¿QHG IRU YDULRXV OD\HUV RI WKH GDWD























WEHGV´ >.LOOHHQ@ IRU 1*5* VHUYLFHV$ QDWXUDO






















:HKDYH IRXQG LW XVHIXO WR FDWHJRUL]H VRIWZDUHGH
YHORSPHQWDFWLYLWLHVDVHLWKHUVRIWZDUHLQFXEDWLRQRU









GHYHORSPHQW´ WR GHVFULEH SURGXFWV WKDW DUH WR EH
RQJRLQJ ZLGHO\ GLVWULEXWHG ODUJHU SURMHFWV 7KHVH
SURMHFWVPXVWDGGUHVVPDQ\RWKHU IDFWRUV LQFOXGLQJ
WHVWLQJ HUURU KDQGOLQJ SHUIRUPDQFH VFDOLQJ VWDQ

















IXQFWLRQV EXQGOHG LQ DSSOLFDWLRQV OLNH 6RXUFH)RUJH
+RZHYHU WHFKQRORJ\ DORQH LV QRW HQRXJK WR FUHDWH
D VXFFHVVIXO RSHQ VRXUFH SURMHFW ,Q DGGLWLRQ WR WKH
WHFKQLFDOLQIUDVWUXFWXUHVXFFHVVIXORSHQVRXUFHSURM





PHFKDQLVPV IRU SURMHFW LQVWDOODWLRQ FROODERUDWLRQ
DQG FRQWULEXWLRQ DQG  DFWLYH XVHU DQG GHYHORSHU
FRPPXQLWLHV,I16)ZDQWVWRVHHVXFKFRPPXQLWLHV







DWLYHO\ ORZHUXVH VRIWZDUH WKDW LV HVVHQWLDO WR WKH
QDWLRQ¶VHVFLHQFHREMHFWLYHVEXWZKLFKPD\QRWLQL
WLDOO\ KDYH D EURDGXVHUEDVH RU LPPHGLDWH FRP
PHUFLDOSRWHQWLDO)XQGLQJVKRXOGEHSURYLGHG WR
VXSSRUWVRIWZDUHGHYHORSPHQWWHFKQRORJLHVLQFOXG










>)RJHO@ .DUO )RJHO ³3URGXFLQJ 2SHQ 6RXUFH













ELOLWLHV DQG DUFKLWHFWLQJ WR HQDEOH FKDQJH DUH RIWHQ














 /DWHU SURGXFWV FDQ LQFRUSRUDWH FRPSRQHQWV WKDW
















:KLOH DOO RI WKHVH LVVXHV FDQ EH DGGUHVVHGZLWK DG
GLWLRQDO IXQGLQJZKLFKPD\ EH D QHFHVVDU\ SDUW RI
WKHVROXWLRQ LW LVDOVRZRUWKQRWLQJ WKDW WKHVH LVVXHV
DUHQRWDVUHOHYDQWLIWKHJRDOLVWRPDLQWDLQFDSDELOL
WLHV UDWKHU WKDQSURGXFWVDQG LI VRIWZDUH LVGHVLJQHG
WRVXSSRUWPLJUDWLRQWRQHZSURGXFWVRYHUWLPH&RQ
VLGHUWKHFDVHRI1&6$0RVDLFDQGKWWSGLQWKHHDUO\




+773 DQG +70/ VWDQGDUGV DQG WKH DYDLODELOLW\ RI

















GDUGV WKDW FOHDQO\ VHSDUDWH KRZ VRPHWKLQJ LV GRQH
IURPZKDWLVEHLQJGRQH+773GH¿QHVKRZRQHFDQ
*(7DQG387EORFNV RI FRQWHQW DFURVV WKH ,QWHUQHW
EXWGRHVQRWFRQVWUDLQZKDWWKH\DUHRUKRZWKH\DUH
JHQHUDWHG +70/ VSHFL¿HV SDJH IRUPDWWLQJ EXW QRW
ZKDW \RX FDQ GLVFXVV RQ WKH SDJH ;0/ VLPLODUO\
VWDQGDUGL]HV V\QWD[ EXW GRHV QRW FRQVWUDLQ FRQWHQW
6XVWDLQDELOLW\%RRNLQGG $0

DQG VHUYLFHRULHQWHG DUFKLWHFWXUHV KDYH DQ DQDORJ\





$XWKHQWLFDWLRQ DQG $XWKRUL]DWLRQ 6HUYLFH -$$6
KWWSMDYDVXQFRPSURGXFWVMDDV 7KHVH DEVWUDFW
$3,VLQVXODWHDSSOLFDWLRQVDQGVHUYLFHVIURPERWKWKH













$OO RI WKHVH VWDQGDUGV HQFRXUDJH FUHDWLYLW\ ³DW WKH
HGJHV´ DQG WKH\ KDYH VXSSRUWHG FRQWLQXLQJ HYROX
WLRQDQGH[SDQVLRQRIFDSDELOLWLHVRYHU\HDUVDQGIRU
VRPHRYHUGHFDGHV)RUWKHZHEWKHVHSDUDWLRQRIWKH
PHDQV WR UHIHUHQFH OLQN DQG IRUPDW UHVRXUFHV IURP
WKH FRQWHQW EHLQJ FRQYH\HG ZDV WKH FULWLFDO GHVLJQ
SULQFLSOH WKDW OHG WR UHXVDEOH EURZVHUV DQG VHUYHUV
DQGHPSRZHUHGZHEXVHUVDQGGHYHORSHUVWRLQQRYDWH
ZLWKRXWWKHQHHGIRURUWKHH[SHFWDWLRQRIFHQWUDOFR
RUGLQDWLRQ 7KH FKDOOHQJH LQ GHYHORSLQJ VXVWDLQDEOH
VFLHQWL¿F&,FDQEHIUDPHGLQVLPLODUWHUPVGHVLJQV








KDV EHFRPHSRVVLEOH WR DVVHPEOH RIIWKHVKHOI FRP
SRQHQWV IRU ZHE LQWHUIDFHV HJ SRUWDOV DQG ZLNLV
ZHEVHUYLFHVDQGFROODERUDWLRQ WRROV WRVXSSRUWVFL
HQWL¿FFRPPXQLWLHV:KLOHWKLVKDVEHHQDVLJQL¿FDQW
VWHSIRUZDUG LWKDVQRWHOLPLQDWHG WKHGLI¿FXOWLHV LQ
VXVWDLQLQJV\VWHPV$VKDVEHHQGLVFRYHUHGE\PDQ\
16)IXQGHG F\EHULQIUDVWUXFWXUH SURMHFWV FKRLFHV
PDGH LQ WHUPV RI VHFXULW\ GDWD DQG PHWDGDWD VWRU
DJH DQG FRPSXWDWLRQDO SURFHVVLQJPRGHO RIWHQ DGG











EHULQIUDVWUXFWXUH FRPPXQLW\ LV WDFNOLQJ LVVXHV WKDW
KDYHQRW \HW EHHQ DGGUHVVHGE\ WKH ODUJHU EXVLQHVV




























GDWD DQGPHWDGDWD LQ RSHQ GLVWULEXWHG HQYLURQPHQWV
ZLWKRXW FRQVWUDLQLQJ ZKDW PHWDGDWD RU GDWD FDQ EH










HFWV SDUWLFXODUO\ WKH SURSRVHG HQYLURQPHQWDO REVHU




RU PRUH ,QYDULDEO\ WKHVH GLVFXVVLRQV KDYH OHDG WR








DOORZDGGLWLRQDO DVSHFWVRI WKHLU LQIUDVWUXFWXUH WREH
FRPPRGLWL]HG ,Q SDUWLFXODU WKHUH KDV EHHQ FRQVHQ
VXV DWZRUNVKRSV LQFOXGLQJ WKH ³&\EHULQIUDVWUXFWXUH
IRU(QYLURQPHQWDO2EVHUYDWLRQV$QDO\VLVDQG)RUH
FDVWLQJ $ &\EHULQIRUPDWLFV )RUXP´ KWWSZZZ
F\EHUREVHUYDWRULHVQHWHYHQWVZRUNVKRSV
KHOGODVWVSULQJUHFRPPHQGLQJWKHFUHDWLRQRID)HG
HUDWLRQ RI (QYLURQPHQWDO 2EVHUYDWRU\ 1HWZRUNV
)(21 DV D FRRUGLQDWLQJ ERG\ WKDW FRXOG SXUVXH







RSPHQW FRVWVRU WKH UHWXUQRQ LQYHVWPHQW FDOFXODWHG
RQO\IURPWKHUHXVHRIDSDUWLFXODUVRIWZDUHSURGXFW
EHFRPHDGRPLQDQWFRQFHUQ7KLV LQ WXUQDUJXHV IRU





VXSSRUW DQG KDUGHQLQJ RI VRIWZDUH 6XFK DQ RYHUDOO











$V QRWHG HDUOLHU LQ WKLV SRVLWLRQ SDSHU WKH DSSURDFK
ZH¶UHDUJXLQJIRULVQRWDWRGGVZLWKDFDOOIRULQFUHDVHG
VXSSRUW IRU VXVWDLQLQJVRIWZDUHSURGXFWV0RUHDWWHQ
WLRQ DQG IXQGLQJ LV QHHGHG WR VXSSRUW VXVWDLQDELOLW\
+RZHYHUWRRPXFKHPSKDVLVRQPDLQWDLQLQJVSHFL¿F
SURMHFWVDQGWU\LQJWRHQFRXUDJHHQIRUFHWKHLUUHXVHLV












































QLWLHVGHSHQGRQDQGVKDUH WHFKQRORJLHV WKURXJK WKH














DUH VFLHQWLVWV ZKR DUH LQWHUHVWHG LQ WKH GDWD SULRU
LW\LVDWWDFKHGZLWKLQWKHFRPPXQLW\WRPDLQWDLQWKH
PHFKDQLVPVWRXVHLW³6FLHQWL¿FLQWHUHVW´LQFOXGHVWKH




'HVSLWH ODUJH VFDOH DQG ORQJOLYHG LQYHVWPHQWV LQ
VRIWZDUHGHYHORSPHQWDQG UHVHDUFKZHKDYHQRW\HW















$V WKH DPRXQW RI VRIWZDUH LQFUHDVHV ZLWK WLPH WKH
ORQJWHUPVXSSRUWPDQDJHPHQWRIPDWXULW\DQGHYR





,QGHSWK WKRXJKW DQGNQRZOHGJHDUHQHHGHG WRDXJ
PHQWWKH³GHYHORSLWDQGWKH\FDQXVHLW´DSSURDFK,Q
VXPPDU\
















ZLWK WKH VRIWZDUH6FLHQWLVWV HPSKDVL]H WKDW VXSSRUW
IURPWHFKQLFDOVRIWZDUHDQG,7H[SHUWVDUHFUXFLDOWR






ZRUOG KDV XQGHUJRQH D WUHPHQGRXV WUDQVIRUPDWLRQ






,Q RUGHU IRU VFLHQWLVWV WR EHQH¿W IURP WKH GHYHORS
PHQWVRIWKHLQIRUPDWLRQDJHWKH\PXVWKDYHLQIUD
VWUXFWXUHWKH\FDQUHO\RQWRDVVHPEOHWKHWRROVQHF
HVVDU\ WR SHUIRUP UHVHDUFK LQ WRGD\¶V HQYLURQPHQW
7KLVLQIUDVWUXFWXUHLQFOXGHVQRWRQO\DJURZLQJQXP
EHURILQGLYLGXDOFRPSRQHQWVOLNHKLJKSHUIRUPDQFH
FRPSXWHUV KLJK VSHHG QHWZRUNV VHQVRU QHWZRUNV
DQG GDWDEDVHV EXW DOVR DQ LQIUDVWUXFWXUH RYHUOD\
ZKLFKDVVHPEOHVWKHVHFRPSRQHQWVVRWKDWVFLHQWLVWV
FDQXVHWKHPSURGXFWLYHO\
0DQ\ VFLHQWLVWV WRGD\ GHYHORS WKHLU RZQ LQIUDVWUXF
WXUH DVVHPEOLQJ WKH FRPSRQHQWV WKH\ QHHG 7KH
16)¶V ,QIRUPDWLRQ7HFKQRORJ\5HVHDUFK ,75 SUR
JUDP LV RQH UHFHQW SURJUDP ZKHUH VFLHQWLVWV DSSO\
WHFKQRORJ\DQGDVVHPEOHWKHFRPSRQHQWVRIF\EHULQ
























:HEHOLHYH D VLQJOH16)ZLGHSURJUDP WRGHYHORS
















XQGHUO\LQJ WDVNV )RU H[DPSOHPRVW JDWHZD\VPXVW
GHYHORS VROXWLRQV IRU GDWDPDQDJHPHQW DXWKHQWLFD
WLRQH[HFXWLRQPDQDJHPHQWDFFRXQWLQJXVHUZRUN








RQ VXSHUFRPSXWHUV DQG DFFHVVLQJ VHLVPRJUDP GDWD
DQG GRLQJ WKH VDPH 'HYHORSHUV HQDEOLQJ DFFHVV WR
GLJLWDOGDWD UHWXUQHG IURPD WHOHVFRSHKDYHPXFK LQ
FRPPRQZLWKGHYHORSHUVSURYLGLQJDFFHVV WRGLJLWDO




XQLTXH WRROVDQG WHFKQLTXHV WKDW FDQSURYLGH UHVXOWV











IRUFH  HQDEOH VFLHQWLVWV WR VWXG\ FRPSOH[ PXOWL
GLVFLSOLQDU\ SUREOHPV DQG  PHHW 16)¶V VWUDWHJLF




6FLHQFH JDWHZD\V DQG WKH LQIUDVWUXFWXUH RQ ZKLFK
WKH\UHO\ZLOODOORZVFLHQWLVWVWRVWXG\PRUHFRPSOH[
SUREOHPVSURGXFWLYHO\7UDQVIRUPDWLYHVFLHQFHWRGD\
LVRIWHQQRW HDV\ WR DFFRPSOLVKE\ LVRODWHG UHVHDUFK
JURXSVLQDVLQJOHODERUDWRU\RURI¿FH,QPDQ\¿HOGV
DGYDQFHG WRROV DQG HQYLURQPHQWV DUH QHFHVVDU\ IRU
WKHPRVWSLRQHHULQJZRUN7DOHQWHGJDWHZD\GHYHORS


















WR GHYHORS GHSOR\ DQG RSHUDWH SHUVLVWHQW VFLHQFH
JDWHZD\VZLWK D UHYLHZ DW  \HDUV 6XFK D SURJUDP
PXVW DOVR VKLIW IRFXV IURP UHVHDUFK H[SORUDWLRQV WR
LQIUDVWUXFWXUHGHSOR\PHQWDQGWKHLQFRUSRUDWLRQRIUR
EXVWV\VWHPHQJLQHHULQJSUDFWLFHVWKLVLPSOLHV:KLOH
SHUVLVWHQW JDWHZD\V PXVW EH GHVLJQHG WR IDFLOLWDWH









DJHQF\ ZRUNVKRSV WR XQGHUVWDQG WKH PRVW SUHVVLQJ
QHHGV LQGLIIHUHQWGRPDLQVDQG LGHQWLI\FRPPRQLQ



















ZRUNIRUFH WR PDLQWDLQ JOREDO OHDGHUVKLS LQ VFLHQFH








WXUH WKURXJK VFLHQFHJDWHZD\V ,Q DGGLWLRQJDWHZD\













FRQWHQW DQG WKDW WKRVHZKR XVH WKH LQWHUQHW WR JDLQ
VFLHQWL¿F LQIRUPDWLRQDUHPRUH OLNHO\ WREHOLHYH WKDW





6XVWDLQDEOH VFLHQFH JDWHZD\V KDYH PDQ\ EHQH¿WV
ERWKIRUVFLHQWLVWVDQGWKHSRSXODWLRQDW ODUJH*DWH
ZD\V KRZHYHUPXVW UHO\ RQ D UREXVW LQIUDVWUXFWXUH
WREHVXFFHVVIXO7KLVLQIUDVWUXFWXUHLQFOXGHVDLUWLJKW




DV LQGLVSHQVLEOH WRROV WKDW VFLHQWLVWV XVH WR LQFUHDVH
SURGXFWLYLW\ DQG IRFXV RQ WKHPRVW FKDOOHQJLQJ VFL









DQG ,QIRUPDWLRQ DERXW 6FLHQFH´ 3HZ ,QWHUQHW DQG






1DWLRQDO 6FLHQFH )RXQGDWLRQ%OXH5LEERQ 3DQHO RQ
&\EHULQIUDVWUXFWXUH 1DWLRQDO 6FLHQFH )RXQGDWLRQ
:DVKLQJWRQ'&86$
>@ 6FDOLVH * 5HHG ' HW DO /HDGHUVKLS 8QGHU
&KDOOHQJH,QIRUPDWLRQ7HFKQRORJ\5	'LQD&RP
SHWLWLYH :RUOG 3UHVLGHQW¶V &RXQFLO RI $GYLVRUV RQ
6FLHQFHDQG7HFKQRORJ\$XJXVW
>@ 1DWLRQDO 6FLHQFH )RXQGDWLRQ 6WUDWHJLF 3ODQ
)<6HSWHPEHU















SHWLWLYHQHVV 5HSRUW RI WKH &RPSXWDWLRQDO 6FLHQFH















RI RUJDQL]DWLRQ ² D F\EHULQIUDVWUXFWXUH FROODERUDWLYH
IRU WKHSODQW VFLHQFHVµ² WKDW VHHNV WR WUDQVIRUP WKH
ZD\ SODQW ELRORJLVWV DQVZHU*UDQG&KDOOHQJH TXHV
WLRQVDQGFROODERUDWHLQWKHGDWDODGHQDQGFURVVGLV
FLSOLQDU\UHVHDUFKHQYLURQPHQWLQZKLFKZHQRZOLYH




\LHOG XQGHU HQYLURQPHQWDO VWUHVV":KLFK JHQHV DQG
SDWKZD\VKDYHDQHIIHFWRQHFRSK\VLRORJLFDOEHKDYLRU
RISODQWV"7KHL3ODQW&ROODERUDWLYHIRFXVHVRQXVLQJ
F\EHULQIUDVWUXFWXUH GHYHORSPHQW DV RQH ZD\ WR UH
VROYHVXFKTXHVWLRQV
7KH LGHQWLÀFDWLRQ RI JUDQG FKDOOHQJH TXHVWLRQV LV D
FRPPXQLW\GULYHQHIIRUW2IWKHQLQHZRUNVKRSVSUR
SRVHGWRWKH%RDUGRI'LUHFWRUVÀYHZHUHVXSSRUWHG
DQG KHOG DW %LRVSKHUH  LQ$UL]RQD EHWZHHQ 2FWR
EHU DQG 'HFHPEHU  7KHVH FRPPXQLW\GULYHQ
ZRUNVKRSVZHUH GHVLJQHG WR LGHQWLI\ VSHFLÀF JUDQG
FKDOOHQJH SUREOHPVZKHUH F\EHULQIUDVWUXFWXUH FRXOG
EHGHVLJQHG GHYHORSHG DQG DSSOLHG WR VLJQLÀFDQWO\
DGYDQFH RXU NQRZOHGJH RI SODQW ELRORJ\ 7KH WRSL
FDO IRFXVHVRI WKHZRUNVKRSV LQFOXGHG WKHHYROXWLRQ
DQGGHYHORSPHQWRISODQWVWKHWUHHRIOLIHPRGHOLQJ
WKHJURZWKRISODQWVWKHDGDSWDWLRQRISODQWVWRWKHLU
HQYLURQPHQW DQG DVVRFLDWLQJ SODQW JHQRW\SHV ZLWK
SKHQRW\SHV ,Q WRWDO L3ODQW KRVWHG QHDUO\  SODQW
VFLHQWLVWV FRPSXWHU VFLHQWLVWV HGXFDWRUV DQG LQGXV
WU\OHDGHUVUHSUHVHQWLQJRYHULQVWLWXWLRQVFRUSR









L3ODQW DOVR VSRQVRUHG D EUDLQVWRUPLQJZRUNVKRS LQ
-DQXDU\  RQ WKH F\EHULQIUDVWUXFWXUH UHTXLUHG













F\EHULQIUDVWUXFWXUH QHHGHG WR DGGUHVV DQG VROYH WKH
WHDP·V JUDQG FKDOOHQJH 8OWLPDWHO\ L3ODQW·V JRDO LV






FRUH VWDII ZLOO ZRUN WRJHWKHU XVLQJ WKH F\EHULQIUD















DQG D SODWIRUP WKDW SURPRWHV LQWHUDFWLRQ FRPPXQL






GDWD UHSRVLWRULHV DQG DGYDQFHG YLVXDOL]DWLRQ IDFLOL
WLHV VRIWZDUH RSHQ VRXUFH GHYHORSHG E\ D GLVWULE
XWHG WHDPRIGHYHORSHUV DQGSURJUDPPHUV QHWZRUN
IDEULF DQG DPXOWLGLVFLSOLQDU\ WHDP RI H[SHUWV'LV





SURFHVVHV DQG VRFLDO QHWZRUN DQDO\VHV IRU VWXG\LQJ
HYROYLQJDQGUHÀQLQJWKH'(V
7KH L3ODQW &ROODERUDWLYH·V &, 'HYHORSPHQW 3URFHVV
7KH JURXS FXUUHQWO\ GHYHORSLQJ WKH F\EHULQIUDVWUXF
WXUHIRUL3ODQWFRQVLVWVRIWKUHHVXEWHDPV&,7&RUH
,QIUDVWUXFWXUH($(QWHUSULVH$UFKLWHFWXUHDQG,67
,QWHJUDWHG6ROXWLRQV&,7 LV UHVSRQVLEOH IRU WKHED
VLFLQIUDVWUXFWXUHIRUWKHFROODERUDWLYHZKLFKLQFOXGHV
FRPSXWHDQGVWRUDJHSODWIRUPVV\VWHPVVRIWZDUHUH
ODWLRQDO GDWDEDVHV YLUWXDOL]DWLRQ DQG DXWKHQWLFDWLRQ
DXWKRUL]DWLRQ7KH($WHDPLVHVWDEOLVKLQJDIRXQGD
WLRQDO HQYLURQPHQW IRU DSSOLFDWLRQ GHYHORSPHQW DQG
VXSSRUW LQFOXGLQJ VRIWZDUH IRU FROODERUDWLRQ VFLHQ
WLÀF ZRUNÁRZV VHPDQWLF GDWD LQWHJUDWLRQ PHWDGDWD
PDQDJHPHQWQDPHVHUYLFHVYRFDEXODULHVRQWRORJLHV







































JURXS FRPSRVHG RI  YROXQWHHUV IURP WKHFRP







VRIWZDUH XQGHU WKH$FDGHPLF )UHH /LFHQVH YHUVLRQ
 KWWSZZZRSHQVRXUFHRUJOLFHQVHVDÁSKS






ZKHQHYHU WHFKQLFDOO\ IHDVLEOH DQG ZLOO SURYLGH WKH




,QWHJUDWHG'DWD$OO GDWDVHWV WKDWZH SURGXFH E\ D
SURFHVVRILQWHJUDWLRQRIWKLUGSDUW\GDWDZLOOEHGLV
WULEXWHG XQGHU WKH &UHDWLYH &RPPRQV  ´E\µ OL
FHQVH KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\
ZKLFKDOORZVWKHGDWDWREHFRSLHGUHGLVWULEXWHGDQG
DGDSWHG SURYLGHG WKDW DWWULEXWLRQ RI WKH RULJLQDO GD






1RYHO 'DWD 'DWDVHWV GHULYHG E\ JUDQG FKDOOHQJH
WHDPVZLOOEHUHOHDVHGXQGHUWHUPVRIWKH´)RUW/DX
GHUGDOH GDWD VKDULQJ DJUHHPHQWµ KWWSZZZZHOO





\VHV RI WKH GDWD LQ SHHUUHYLHZHG SDSHUV7R DVVLVW
WKHFRPPXQLW\ LQGHWHUPLQLQJKRZ WRFLWH WKHGDWD
DQGZKLFKDQDO\VHVWKHGDWDSURGXFHUVDUHSODQQLQJ
WR SXEOLVK HDFK JUDQG FKDOOHQJH WHDPZLOO SXEOLVK
D´PDUNHUSDSHUµGHVFULELQJWKHSURMHFWLWVFLWDWLRQ
SROLF\ DQG LWV SURSRVHG DQDO\VHV DW D VWDJH ZKHQ
WKHLQLWLDOSURMHFWSODQQLQJLVPDWXUHEXWEHIRUHVXE
VWDQWLDOZRUNKDVEHHQFRPSOHWHG)ROORZLQJSXEOL
FDWLRQ RI WKHVH DQDO\VHV WKH GDWDVHWVZLOO EHPDGH






LQ WKH IRUP RI VRIWZDUH FRGH DQG DOJRULWKP LPSOH
PHQWDWLRQVWKDWDUHFRQWULEXWHGE\WKHFRPPXQLW\IRU






DQG ZRXOG EH DSSOLFDEOH WR LQGLYLGXDO FRQWULEXWRUV
DFDGHPLFDQG LQGXVWU\JURXSV DQG WKHLU HPSOR\HHV



















































































































































































































































































'HE $JDUZDO /DZUHQFH%HUNHOH\1DWLRQDO/DERUDWRU\ '$$JDUZDO#OEOJRY
6WDQ $KDOW 2KLR6XSHUFRPSXWLQJ&HQWHU DKDOW#RVFHGX
*DEULHOOH $OOHQ /RXLVLDQD6WDWH8QLYHUVLW\ DOOHQ#ELWFVFOVXHGX
$P\ $SRQ $UNDQVDV+LJK3HUIRUPDQFH&RPSXWLQJ&HQWHU DDSRQ#XDUNHGX
%LOO %DUQHWW ,QGLDQD8QLYHUVLW\ EDUQHWWZ#LQGLDQDHGX
7HUU\ %HQ]HO ,QIRUPDWLRQ6FLHQFHV,QVWLWXWH WEHQ]HO#LVLHGX
0DUWLQ %HU]LQV 8QLYHUVLW\RI8WDK PE#VFLXWDKHGX
6XEKDVK %KDWLD 0RUHKRXVH&ROOHJH VEKDWLD#PRUHKRXVHHGX
5LFKDUG %OHYLQV 8QLYHUVLW\RI$UL]RQD UEOHYLQV#HPDLODUL]RQDHGX
*HRIIUH\ %URZQ ,QGLDQD8QLYHUVLW\ JHREURZQ#LQGLDQDHGX
-RKQ &DPSEHOO 3XUGXH8QLYHUVLW\ MRKQFDPSEHOO#SXUGXHHGX
$QQ &KHUYHQDN ,QIRUPDWLRQ6FLHQFHV,QVWLWXWH DQQF#LVLHGX
1HLO &KXH +RQJ'LUHFWRU20,,8.1 &KXH+RQJ#RPLLDFXN
(ZD 'HHOPDQ 86&,6, GHHOPDQ#LVLHGX
3DWULFN 'UHKHU 5(1&,1RUWK&DUROLQD6WDWH8QLYHUVLW\ SGUHKHU#HPDLOXQFHGX
7RQ\ 'UXPPRQG /DZUHQFH%HUNHOH\1DWLRQDO/DERUDWRU\ /$'UXPPRQG#OEOJRY
-XOLR )DFHOOL 8QLYHUVLW\RI8WDK MXOLRIDFHOOL#XWDKHGX
5K\V )UDQFLV $XVWUDOLDQH5HVHDUFK,QIUDVWUXFWXUH&RXQFLO UK\V#SIFRUJDX
'HQQLV *DQQRQ 0LFURVRIW JDQQRQ#FVLQGLDQDHGX




5REHUW +HQVFKHO ,QGLDQD8QLYHUVLW\ UKHQVFKH#LQGLDQDHGX
-RRK\XQ .LP /RXLVLDQD6WDWH8QLYHUVLW\ MKNLP#FFWOVXHGX
*HUKDUG .OLPHFN 3XUGXH8QLYHUVLW\ JHNFR#SXUGXHHGX
5LFK .QHSSHU ,QGLDQD8QLYHUVLW\ UNQHSSHU#LQGLDQDHGX
6WDF\ .RZDOF]\N ,QGLDQD8QLYHUVLW\ VNRZDOF]#LQGLDQDHGX
'DYH /DPEHUW *HRUJHWRZQ8QLYHUVLW\ ODPEHUWG#JHRUJHWRZQHGX
'DYLG /LIND &RUQHOO8QLYHUVLW\ OLIND#FDFFRUQHOOHGX
3HJ /LQGHQODXE ,QGLDQD8QLYHUVLW\ SOLQGHQ#LQGLDQDHGX
0LURQ /LYQ\ 8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ PLURQ#FVZLVFHGX
3RO /ORYHW 0RQWDQD6WDWH8QLYHUVLW\ SROOORYHW#JPDLOFRP
$QGUHZ /XPVGDLQH ,QGLDQD8QLYHUVLW\ OXPV#FVLQGLDQDHGX
&OLIIRUG /\QFK &RDOLWLRQIRU1HWZRUNHG,QIRUPDWLRQ&1, FOLII#FQLRUJ
5XWK 0DULQVKDZ 8QLYHUVLW\RI1RUWK&DUROLQDDW&KDSHO+LOO UXWK#HPDLOXQFHGX
6XUHVK 0DUUX ,QGLDQD8QLYHUVLW\ VPDUUX#LQGLDQDHGX
6WXDUW 0DUWLQ $UJRQQH VPDUWLQ#PFVDQOJRY
6FRWW 0F&DXOD\ ,QGLDQD8QLYHUVLW\ VPFFDXOD#LQGLDQDHGX
5REHUW 0F*UDWK 1&6$8,8& PFJUDWK#QFVDXLXFHGX
6XVWDLQDELOLW\%RRNLQGG $0

.HQWRQ 0F+HQU\ 1&6$8,8& PFKHQU\#XLXFHGX
(OOLRW 0HWVJHU -RKQV+RSNLQV8QLYHUVLW\ HPHWVJHU#MKXHGX
7KHUHVH 0LOOHU ,QGLDQD8QLYHUVLW\ PLOOHUWP#LXSXLHGX
0DNLD 0LQLFK 681 PDNLD#VXQFRP
$QDVWDVLD 0RUURQH ,QGLDQD8QLYHUVLW\ DPRUURQH#LXSXLHGX
+HQU\ 1HHPDQ 8QLYHUVLW\RI2NODKRPD,QIRUPDWLRQ7HFKQRORJ\ KQHHPDQ#RXHGX
6WHYHQ 1HZKRXVH (QDEOLQJ*ULGVIRU(VFLHQF((*(( 6WHYHQ1HZKRXVH#FHUQFK
/LQK 1JR 8QLYHUVLW\RI$UNDQVDV OQJR#XDUNHGX
6XGKDNDU 3DPLGLJKDQWDP 1&6$8,8& VSDPLGLJ#QFVDHGX
0DUORQ 3LHUFH ,QGLDQD8QLYHUVLW\ PSLHUFH#FVLQGLDQDHGX
%HWK 3ODOH ,QGLDQD8QLYHUVLW\ SODOH#FVLQGLDQDHGX
5XWK 3RUGHV 26* UXWK#IQDOJRY
$UFRW5DMD 5DMDVHNDU 8QLYHUVLW\RI1RUWK&DUROLQD UDMDVHND#HPDLOXQFHGX
'LFN 5HSDVN\ ,QGLDQD8QLYHUVLW\ UHSDVN\#LQGLDQDHGX
-RHO 5HSORJOH 2SHQ*ULG)RUXP UHSORJOH#RJIRUJ
-HQQLIHU 6FKRSI 16) MVFKRSI#QVIJRY
6KDYD 6PDOOHQ 6'68 VVPDOOHQ#VGVFHGX
%ULDQ 6PLWK 8QLYHUVLW\RI1HZ0H[LFR FDUEHVV#VZFSFRP
0DF.HQ]LH 6PLWK 0,7/LEUDULHV NHQ]LH#PLWHGX
-HI 6SDOHWD )HGRUD3URMHFW MVSDOHWD#JPDLOFRP
&UDLJ 6WHZDUW ,QGLDQD8QLYHUVLW\ VWHZDUW#LXHGX
.HYLQ 7KRPSVRQ '+6 NHYLQWKRPSVRQ#GKVJRY
-RKQ 7RZQV 1&6$ MWRZQV#QFVDXLXFHGX
*UHJ 7UDYLV ,QGLDQD8QLYHUVLW\ JUHJ#LQGLDQDHGX
6XVDQ 7XUQEXOO '2( VXVDQWXUQEXOO#DVFUGRHJRY
6KHO :DJJHQHU 8&%HUNHOH\ VKHOZ#EHUNHOH\HGX
3DXO :DON 8.2/1 SZDON#XNROQDFXN
(G :DONHU 7$&& HZDONHU#WDFFXWH[DVHGX
9RQ :HOFK 1&6$ YZHOFK#QFVDXLXFHGX
(ULF :HUQHUW ,QGLDQD8QLYHUVLW\ HZHUQHUW#LQGLDQDHGX
%UDG :KHHOHU ,QGLDQD8QLYHUVLW\ EZKHHOHU#LQGLDQDHGX
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:HGQHVGD\0DUFKWK
&KHFNLQDQG,QIRUPDO5HFHSWLRQ %LVWUR/REE\ SP
7KXUVGD\0DUFKWK
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2SHQ'LVFXVVLRQ 5RRP DP
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SP
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SP
+RZFDQIXQGLQJDJHQFLHVHQFRXUDJH3,VWRSURGXFHVXVWDLQDEOHUHXVDEOHVRIWZDUH" 5RRP
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5RRP
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%UHDN SP
5HSRUWVIURPEUHDNRXWVHVVLRQV 5RRP SP
'HQQLV*DQQRQ´&DQZHEXLOGFRPPXQLW\DSSOLFDWLRQIUDPHZRUNVIRUVFLHQFHWKDW
OHYHUDJHFRPPHUFLDOSURGXFWV"µ
5RRP SP
%UHDN SP
0HHW	JUHHWFDVKEDU %LVWUR/REE\ SP
'LQQHU 6FKRODUV+DOO SP
)ULGD\0DUFKWK
1HLO3&KXH+RQJ´&XOWLYDWLQJ6XVWDLQDEOH6RIWZDUHIRU5HVHDUFKµ 5RRP DP
&OLIIRUG/\QFK´6RIWZDUHDQGWKH/RQJ+DXO6RIWZDUH'HVLJQ$GRSWLRQ(YROXWLRQ
DQG&XUDWLRQLQD&\EHULQIUDVWUXFWXH&RQWH[Wµ
5RRP DP
%UHDN DP
%UHDNRXWVHVVLRQV	GLVFXVVLRQRIVXEPLWWHGSDSHUV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0RGHOVDQGUHFRPPHQGDWLRQVUHJDUGLQJHYDOXDWLRQDQGDGRSWLRQRIVRIWZDUHE\92V 5RRP
0RGHOVDQGUHFRPPHQGDWLRQVUHJDUGLQJORQJWHUPVXSSRUWRIVRIWZDUH 5RRP
'LVFXVVLRQRIVRIWZDUHVXVWDLQDELOLW\RSHQVRXUFHVRIWZDUHDQGYDOXHWR
VPDOOVFKRROV	06,V
5RRP
%R[/XQFKDQGGLVFXVVLRQ 5RRP SP
6DQMLYD:HHUDZDUDQD²7LWOH7%$ 5RRP SP
:UDSXSLGHQWLÀFDWLRQRIDUHDVRIFRQVHQVXVDUHDVRIODFNWKHUHRIGLVFXVVLRQRIZULWLQJSODQV 5RRP SP
7KDQN\RXV 5RRP SP
$GMRXUQPHQW 5RRP SP
$SSHQGL[3URJUDP
&\EHULQIUDVWUXFWXUH6RIWZDUHDQG6XVWDLQDELOLW\:RUNVKRS
3URJUDP$JHQGD0DUFK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